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1.0 


INTRODUCTION 


The  purpose  of  this  manual  is  to  familiarize  boiler  operating 
personnel  with  the  concepts  which  govern  industrial  boiler  control 
systems.  It  is  intended  for  use  by  those  who  do  not  necessarily  have 
an  extensive  background  in  instrumentation  and  control  technology,  but 
who  do  have  a  basic  knowledge  of  boilers  and  their  ancilliary  systems. 
The  manual  focuses  on  boilers  in  the  60  million  BTU  per  hour  (MM 
BTU/hr)  range,  but  many  of  the  concepts  are  applicable  to  boilers  of 
any  size. 

The  three  major  areas  of  industrial  boiler  control  are  covered. 
These  are:  burner  (or  combustion)  control,  feedwater  control,  and 
flame  safety  systems.  Section  2.0  provides  pertinent  background 
information  regarding  the  need  for,  and  the  objectives  of,  these  three 
major  subsystems.  Section  3.0  is  a  discussion  of  control  theory  that 
acquaints  the  reader  in  general  terms  with  various  control  techniques 
and  concepts.  Sections  4.0,  5.0,  and  6.0  describe  the  control  schemes 
that  are  normally  employed  to  provide  the  desired  control  of  each  of 
the  respective  boiler  subsystems.  Section  7  provides  detailed 
information  regarding  the  function  and  operational  theory  behind  the 
various  control  components.  Also  included  in  Section  7.0  is  vendor's 
catalog  data  for  selected  control  components. 


1-1 


2.0 


BACKGROUND 


2.1  General 

The  purpose  of  any  boiler  control  system  is  to  provide  safe, 
efficient  operation  of  the  boiler  at  the  desired  output  without  the 
need  for  constant  operator  supervision.  This  means  that  the 
combustion  process  inside  the  furnace  must  be  controlled  as  well  as 
the  steam  conditions  at  the  boiler  outlet.  The  boiler  must  be  able  to 
respond  to  changes  in  load  without  jeopardizing  safety  or  performance. 

Although  all  boiler  control  systems  perform  essentially  the  same 
functions,  the  systems  themselves  may  be  either  quite  simple  or  quite 
intricate.  Generally,  the  more  complex  the  system  the  more  precise 
the  control  capability.  However,  the  more  complex  the  system,  the 
more  difficult  it  is  to  maintain,  and  the  more  susceptible  it  is  to 
malfunction.  A  variety  of  control  techniques  are  available,  and  the 
choice  of  which  technique  is  the  "best"  is  often  merely  a  matter  of 
personal  preference. 

Boiler  control  systems  are  generally  broken  down  into  three  main 
functions:  burner  controls,  feedwater  controls,  and  flame  safety 
controls.  The  three  are  interrelated  as  far  as  actual  operation  of 
the  boiler  is  concerned,  but  they  are  basically  independent  systems. 
They  will,  therefore,  be  discussed  separately  here. 


Burner  Control  Systems 

It  is  the  responsibility  of  the  burner  control  system  to  supply 
air  and  fuel  to  the  furnace  in  the  correct  proportions  to  meet  the 
steam  demand.  It  is  important  that  the  correct  air  to  fuel  ratio  be 
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maintained,  regardless  of  steam  flow.  Too  much  air  will  result  in 
inefficient  operation,  and  too  little  air  may  be  dangerous  as  well  as 
being  inefficient. 

As  the  combustion  process  takes  place  in  the  furnace,  oxygen  in 
the  combustion  air  combines  chemically  with  the  carbon,  hydrogen,  and 
sulfur  (if  present)  in  the  fuel  to  produce  heat.  The  amount  of  air 
that  contains  enough  oxygen  to  combine  exactly  with  all  the 
combustible  matter  in  the  fuel  is  called  the  "theoretical"  combustion 
air. 

In  actual  practice,  it  is  impossible  for  every  molecule  of  oxygen 
that  enters  the  furnace  to  combine  with  the  fuel.  For  this  reason,  it 
is  always  necessary  to  provide  more  air  than  the  theoretical 
requirement.  For  oil  and  gas  fired  boilers  it  is  customary  to  provide 
10  to  20  percent  more  air  than  the  theoretical  requirement  to  ensure 
complete  combustion.  This  additional  air  is  called  "excess  air,"  and 
a  boiler  firing  at  1.2  times  the  theoretical  air  requirement  would  be 
said  to  be  firing  at  20  percent  excess  air.  Since  air  is 
approximately  21  percent  oxygen,  a  boiler  firing  at  20  percent  excess 
air  is  also  said  to  be  firing  at  4.2  percent  "excess  oxygen." 

If  insufficient  oxygen  is  introduced  into  the  furnace,  incomplete 
combustion  of  the  fuel  will  occur.  This  not  only  wastes  fuel,  but  it 
can  cause  hazardous  conditions  in  the  boiler.  The  unburned  fuel  may 
later  ignite  in  the  boiler  or  breeching  and  result  in  a  dangerous 
explosion. 

Providing  too  much  combustion  air  eliminates  the  explosion 
danger,  but  this,  too,  results  in  inefficiency.  By  far,  the  largest 
energy  loss  in  any  boiler  is  the  heat  which  escapes  as  hot  flue  gas. 
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Increasing  the  excess  air  flow  merely  causes  more  hot  flue  gas  to  go 
up  the  stack  as  wasted  energy. 

It  is,  therefore,  desirable  to  maintain  the  correct  ratio  of 
combustion  air  to  fuel  flow,  or  “air/fuel  ratio,"  at  all  boiler 
outputs.  Thus,  the  burner  control  system  must  simultaneously  regulate 
the  fuel  and  air  supply  to  the  furnace  any  time  a  change  in  load  is 
required. 

As  mentioned  earlier,  burner  control  systems  may  become  as  simple 
or  complex  as  desired.  For  boilers  in  the  60  MM  BTU/hr  range,  the 
control  systems  are  usually  relatively  simple,  since  the  performance 
improvements  possible  generally  cannot  justify  the  cost  of  more 
complex  systems.  The  firing  rate  of  the  boiler  is  normally  determined 
by  steam  header  pressure  only. 

This  is  called  "single  element"  control  since  only  one  control 
element,  pressure,  is  used.  In  larger  boilers,  two  or  three-element 
control  may  be  used.  That  is,  the  firing  rate  of  the  boiler  is  not 
only  controlled  by  header  pressure,  but  may  also  be  controlled  by 
steam  flow,  steam  temperature,  or  by  a  process  signal  such  as  the 
opening  of  a  flow  control  valve. 

Burner  control  systems  are  discussed  in  detail  in  Section  4.0. 

Feedwater  Control 

The  function  of  the  feedwater  control  system  is  to  provide 
make-up  water  to  the  boiler  to  replace  the  feedwater  leaving  as  steam 
and/or  blowdown.  This  is  normally  accomplished  by  maintaining  a 
specified  water  level  in  the  steam  drum.  It  is  essential  that  this 
water  level 


remain  in  the  appropriate  range.  Too  high  a  water  level  may  cause 
water  to  be  carried  over  into  the  superheater  (if  there  is  one)  or 
even  to  the  load  devices,  either  of  which  can  cause  significant 
damage.  Too  low  a  water  level  may  result  in  burn  out  of  the  boiler 
tubes.  The  range  of  safe  water  level  in  the  drum  is  usually 
determined  by  the  boiler  manufacturer.  It  is  dependent  upon  a  number 
of  factors,  such  as  the  size  and  shape  of  the  boiler  drum,  the  design 
of  the  boiler,  and  the  characteristics  of  the  steam  load. 

Maintaining  a  constant  water  level  in  the  drum  is  not  as 
straightforward  as  one  might  think.  First  of  all,  a  clearly  defined 
"level"  usually  does  not  exist.  Instead  there  is  a  zone  where  steam 
and  water  are  almost  indistinguishable.  The  steam  in  the  zone  is 
entrained  with  many  fine  droplets  of  water.  The  water  in  the  zone 
contains  a  multitude  of  steam  bubbles  in  an  almost  continuous  mass. 
What  is  more,  the  volume  of  these  bubbles  can  increase  or  decrease 
rapidly,  giving  a  false  indication  of  changing  water  level  in  the 
drum.  When  the  steam  bubbles  expand,  this  is  known  as  drum  "swell," 
and  when  they  contract,  it  is  called  "shrink." 

Drum  swell  is  influenced  by  several  factors.  Among  these  are  the 
drum  pressure,  boiler  design,  firing  rate,  steam  load,  feedwater 
temperature,  and  feedwater  flow. 

The  boiler  design  influences  drum  swell  in  a  number  of  ways.  The 
ratio  of  heating  surface  to  the  volume  of  water  in  the  boiler,  the 
speed  of  circulation  of  the  water,  and  the  surface  area  of  the  drum 
water  in  relationship  to  the  volume  all  have  an  effect  on  drum  swell. 


At  low  drum  pressures,  the  volume  of  pound  of  steam  is  much 
greater  than  the  volume  of  a  pound  of  water  at  the  same  temperature. 
Because  of  this,  greater  swelling  occurs  in  boilers  with  lower 
operating  pressures. 

Rapid  fluctuations  in  steam  load  or  in  boiler  firing  rate  have  a 
marked  effect  on  drum  swell  or  shrink.  For  example,  if  the  steam  load 
is  suddenly  increased,  the  drum  pressure  will  decrease,  and  the  volume 
of  the  steam  bubbles  will  increase.  More  bubbles  will  also  be  created 
since  the  lower  pressure  will  allow  an  additional  portion  of  the  drum 
water  to  vaporize.  The  result  is  an  apparent  increase  in  drum  level 
when  the  actual  quantity  of  water  in  the  drum  is  less. 

An  increase  in  firing  rate  will  raise  the  drum  pressure,  which 
in  turn  tends  to  decrease  the  volume  of  the  steam  bubbles  and  lower 
the  drum  level.  However,  increased  firing  also  creates  more  steam 
bubbles,  and  the  net  effect  is  usually  an  apparent  increase  in  drum 
level . 

Increasing  the  feedwater  flow  will  at  first  tend  to  decrease  the 
boiler  drum  level.  The  feedwater  has  a  cooling  effect  which  collapses 
the  steam  bubbles  in  the  drum.  The  colder  the  feedwater,  the  more 
pronounced  the  effect. 

The  problems  associated  with  feedwater  control  become  obvious 
when  one  considers  the  effects  of  drum  swell  and  the  difficulties  that 
can  be  encountered  in  determining  the  actual  quantity  of  water  in  the 
drum  at  any  given  time.  Feedwater  control  systems,  like  burner 
controls,  may  be  quite  simple  or  may  become  rather  sophisticated. 
Again,  the  more  complex  the  system,  the  more  precise  the  control. 


Smaller  boilers  in  the  60  MM  BTU/hr  range  normally  use  simple  systems 
where  only  the  drum  level  is  monitored.  (This  is  single-element 
control  since  only  one  parameter  is  monitored.)  Larger  boilers  use 
two  or  three-element  control,  where  steam  flow  or  pressure  and 
feedwater  flow  are  monitored  in  addition  to  drum  level.  The  various 
types  of  feedwater  control  systems  are  discussed  in  detail  in  Section 
5.0. 


Flame  Safety  System 

The  purpose  of  the  flame  safety  system  is  to  prevent  those 
conditions  which  can  lead  to  a  boiler  explosion.  Such  conditions  can 
occur  any  time  unburned  fuel  vapors  are  present  in  the  furnace  or 
ductwork,  ignition,  either  intentional  or  accidental,  takes  place. 

Start-up  is  an  especially  critical  period,  since  explosions  can 
result  from  a  variety  of  causes  at  that  time.  If  the  furnace  is  not 
properly  purged,  fuel  that  has  seeped  past  faulty  shut-off  valves 
during  the  boiler  outage  may  explode  when  the  ignitors  are  lit.  If 
the  fuel  that  is  intentionally  introduced  into  the  furnace  during 
start-up  does  not  ignite  quickly,  it  too  can  accumulate  with  hazardous 
results. 

During  normal  operation,  an  explosion  can  occur  anytime  the 
burner  flame  is  extinguished  and  the  fuel  supply  is  not  shut  off 
immediately.  The  flame  can  be  lost  for  a  number  of  reasons,  including 
improper  fuel  pressure,  interruption  in  fuel  supply,  contaminated 
fuel,  and  burner  malfunctions. 


As  mentioned  earlier,  hazardous  conditions  can  also  result  during 
normal  boiler  operation  if  insufficient  air  is  introduced  into  the 
furnace  to  complete  the  combustion  process.  The  unburned  fuel  may 
later  ignite  in  the  ductwork  with  disasterous  results.  In  this 
instance,  the  flame  safety  system  does  not  provide  any  protective 
function.  It  is  the  responsibility  of  the  burner  control  system  to 
ensure  that  the  proper  air/fuel  ratio  exists.  (This  is  perhaps  just  a 
matter  of  definition,  since  one  could  include  those  burner  controls 
which  prevent  insufficient  combustion  air  in  the  flame  safety  system.) 

Thus  the  flame  safety  system  must  ensure  that  the  boiler  is 
purged  prior  to  ignition,  and  that  the  fuel  supply  to  the  boiler  is 
ignited  quickly  and  burns  continuously.  Flame  safety  systems  are 
generally  required  on  all  industrial  boilers,  both  by  law  and  by  the 
regulations  of  insurance  underwriters.  There  are  some  exceptions  for 
boilers  smaller  than  10,000  Ib/hr  steam  output,  but  for  the  purposes 
of  this  text  it  will  be  assumed  that  all  boilers  are  equipped  with  at 
least  some  form  of  flame  safety  system. 

Flame  safety  systems  are  discussed  in  detail  in  Section  6.0. 
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BASIC  CONTROL  THEORY 


General 

In  order  to  fully  understand  the  functioning  of  the  various 
boiler  control  systems,  it  is  necessary  to  first  understand  some  of 
the  basic  principles  of  control.  A  brief  overview  of  control  theory, 
which  highlights  the  principles  applicable  to  small  boiler  control 
systems,  is  presented  in  this  section. 

Generally  speaking,  there  are  two  basic  modes  of  control: 
"open-loop"  (or  “non-feedback"  )  and  closed-loop  (or  "feedback"). 
These  are  broad  classifications  which  may  apply  to  the  functioning  of 
an  individual  control  component  or  to  an  entire  system.  Open-lnop 
means  that  there  is  no  return  signal,  or  feedback,  to  the  controlling 
device  to  indicate  whether  or  not  the  desired  output  conditions  are 
being  obtained.  Closed-loop  means  there  is  a  feedback  signal.  Often 
a  control  system  will  contain  more  than  one  control  loop,  and  both 
closed  and  open  loops  may  be  utilized  in  the  same  system.  Most  small 
boiler  control  systems  consist  of  a  single  basic  closed-loop  with 
several  open-loops  included. 

One  should  also  have  a  general  understanding  of  the  types  of 
control  signals  that  are  utilized  within  a  control  system.  The 
signals  that  are  received  from  various  sensing  devices  as  input  or 
feedback  are  often  adjusted  so  that  the  desired  output  signal  is 
achieved.  A  discussion  of  the  various  signal  functions  is  given 
below,  along  with  with  a  description  of  open-  and  closed-loop  control 
techniques. 


The  simplest  control  method  is  the  open-loop  system  where  the 
manipulated  variables  (such  as  fuel,  air  or  water  flow)  are  adjusted 
from  the  input*  demand  signals  without  monitoring  the  outlet  conditions 
or  output  variables  (see  Figure  3-1).  In  other  words,  there  is  no 
return  signal,  or  "feedback"  from  the  output  variables  by  which  the 
control  system  can  determine  if  the  desired  outlet  conditions  are 
actually  being  met.  The  control  system  is  initially  calibrated,  and 
it  is  assumed  that  the  same  outlet  conditions  will  be  produced  for 
each  controller  output  signal.  This  will  only  be  the  case  as  long  as 
the  boiler  conditions  remain  the  same  as  they  were  when  the 
calibration  was  established.  In  actuality,  the  boiler  conditions 
often  do  change,  and  the  inaccuracy  that  can  result  with  open-loop 
control  often  outweighs  the  advantages  of  simplicity  and  rapid 
response  time.  For  this  reason,  pure  open-loop  systems  are  seldom 
used  for  boiler  control,  and  at  least  one  feedback  loop  is  provided. 


Closed-Loop  Control 

A  closed-loop  control  system  is  used  to  overcome  the 
inconsistency  that  can  result  from  open-loop  control.  With  closed 
loop  control,  the  actual  output  is  measured  and  compared  to  the 
desired  output  value  (see  Figure  3-2).  If  there  is  any  deviation 
between  the  two,  the  closed-loop  system  acts  to  correct  it.  As  stated 
earlier,  the  term  "closed-loop"  may  apply  to  the  functioning  of  an 
individual  control  component  or  of  the  entire  system.  In  either  case. 
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a  return  signal  is  provided  from  a  measured  output  variable  to  the 
controlling  device.  This  feedback  signal  is  sometimes  called  the 
"error  signal,"  since  it  is  based  on  the  deviation  of  the  actual 
output  from  the  desired  output,  or  "set  point." 

A  simple  burner  control  system  is  a  good  example  of  closed-loop 
control.  In  this  case  the  steam  header  pressure  is  the  measured 
output  variable.  When  the  header  pressure  deviates  from  the 
set-point,  the  master  pressure  controller  generates  an  error  signal 
which  is  a  function  of  the  difference.  This  error  signal  is 
transmitted  to  the  fuel  and  air  regulating  devices  to  adjust  the  fuel 
and  air  flows.  As  the  header  pressure  returns  to  the  set  point  value, 
the  magnitude  of  the  error  signal  is  reduced  to  zero.  (A  more 
detailed  discussion  of  burner  control  systems  is  provided  in  Section 
4.0.) 

Control  Signal  Functions 

In  order  to  fully  understand  the  theory  behind  closed-loop 
control  systems,  it  is  necessary  to  examine  just  how  feedback  control 
signals  are  utilized  by  the  system.  Whenever  a  deviation  between  the 
actual  output  and  the  desired  set  point  occurs,  it  is  obviously 
desirable  to  return  the  system  to  normal  as  quickly  as  possible, 
without  causing  any  wide  fluctuations  in  performance.  To  accomplish 
this,  it  is  often  necessary  to  produce  an  error  signal  that  varies  in 
accordance  with  some  mathematical  equation. 

It  should  be  recognized  that  it  is  possible,  by  proper  selection 
of  hardware,  to  produce  an  output  signal  that  will  vary  in  magnitude 


1n  accordance  with  virtually  any  mathematical  function.  Input  signals 
can  be  added,  subtracted,  multiplied,  divided,  averaged,  and  increased 
or  decreased  exponentially  to  produce  the  desired  output  signal.  A 
time  parameter  can  also  be  included  so  that  output  signals  vary  with 
the  integral  or  derivative  of  the  input.  (A  table  showing  the  various 
signal  functions  in  both  equational  and  graphical  form  is  given  in 
Appendix  A.) 

The  closed  loop-control  systems  which  are  used  for  boiler 
controls  utilize  many  of  the  mathematical  functions  referenced  above. 
For  small  boiler  control  systems,  the  basic  control  loop  generally 
uses  proportional  control.  However,  integral  and  derivative  functions 
are  often  included  to  improve  performance. 


Proportional  Control 

Proportional  control  is  one  of  the  simplest  and  most  common  types 
of  control  techniques.  With  proportional  control,  the  manipulated 
variable  (or  the  controller  output)  is  proportional  to  the  deviation 
between  the  controlled  variable  and  the  desired  set  point.  For 
example,  if  the  desired  steam  pressure  is  100  psig,  and  the  actual 
pressure  is  90  psig,  a  master  pressure  controller  with  proportional 
control  will  transmit  a  signal  proportional  to  that  10  psig 
difference.  The  ratio  between  the  feedback  (or  error)  signal  and  the 
variation  in  controller  output  which  results  from  the  feedback  signal 
is  known  as  "proportional  gain"  or  "gain."  Figure  3-3  is  a  diagram 
showing  the  relationship  between  the  ccr»trolled  variable,  the  set 
point,  the  output  signal,  and  the  proportional  gain. 
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As  can  be  seen  from  this  diagram,  increasing  the  gain  causes  a 
larger  change  in  the  output  signal  to  the  controlled  variable  for  a 
given  deviation  of  the  measured  variable  from  the  set  point.  In  other 
words  the  output  signal  is  more  sensitive  to  deviations  from  the  set 
point.  Likewise,  when  the  gain  is  reduced,  the  output  signal  is  less 
sensitive. 

A  disadvantage  of  proportional  control  is  that  when  an  upset  does 
occur,  the  controlled  variable  does  not  return  exactly  to  the  set 
point,  but  instead  is  offset  by  a  slight  amount.  This  is  a  necessary 
feature  of  proportional  control,  and  can  be  explained  by  another 
examination  of  Figure  3-3.  At  any  proportional  gain,  there  can  be 
only  one  fuel  valve  opening  that  will  produce  the  desired  steam 
pressure.  By  increasing  the  gain,  the  offset  can  be  reduced,  but 
there  is  a  limit  to  the  amount  of  gain  that  can  be  increased.  If  the 
gain  is  too  high,  minor  deviations  from  the  pressure  set  point  will 
cause  drastic  variations  in  the  fuel  valve  opening,  and  a  highly 
unstable  control  system  will  result. 

A  typical  response  curve  to  a  step  change  in  load  for  a 
proportional  control  system  is  shown  in  Figure  3-4.  At  a  low  gain 
there  is  little  "cycling"  or  "hunting,"  and  the  system  stabilizes 
rather  quickly.  However,  a  large  offset  results.  At  high  gain  some 
cycling  occurs  and  the  system  takes  longer  to  stabilize,  but  the  final 
offset  is  reduced. 
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Integral  Control 

The  offset  which  results  from  proportional  control  can  be 
eliminated  by  adding  an  integral  or  "reset"  control  mode  to  the 
system.  With  integral  control,  as  the  name  implies,  the  error  signal 
is  a  function  of  both  the  deviation  of  the  controlled  variable  from 
the  set  point  and  time  period  over  which  it  occurs.  The  term  "reset" 
comes  from  the  fact  that  with  integral  control,  the  band  of 
proportional  variation  is  shifted,  or  reset,  so  that  the  controlled 
variable  operates  around  a  new  base  point. 

When  integral  control  is  added  to  proportional  control,  as  shown 
in  Figure  3-5,  the  result  is  a  system  which  takes  slightly  longer  to 
stabilize  (than  proportional -only  control),  but  which  returns  the 
controlled  variable  to  the  original  set  point. 

Derivative  Control 

Derivative  control  is  a  function  of  the  rate  of  change  of  the 
controlled  variable  from  its  set  point.  Adding  this  control  function 
to  a  proportional  plus  integral  control  system  can  improve  both  the 
stability  and  the  response  of  the  system.  The  response  curve  for 
proportional-plus-integral-plus-derivative  control  is  shown  in  Figure 


BURNER  CONTROL  SYSTEMS 


General 

It  is  the  function  of  the  burner  control  system  to  regulate  the 
flow  of  air  and  fuel  to  the  boiler  furnace  in  order  to  achieve  the 
desired  steam  outlet  conditions.  For  the  purposes  of  this  manual,  it 
will  be  assumed  that  each  boiler  is  equipped  with  a  single  combustion 
air  fan  and  a  single  burner.  This  is  not  necessarily  the  case  in 
actual  practice.  Boilers  with  both  induced  draft  and  forced  draft 
fans,  or  with  multiple  burners,  are  not  uncommon.  However, 
essentially  the  same  control  concepts  are  employed  in  such  cases,  so 
the  single  burner/single  fan  design  will  be  discussed  for  simplicity. 

Parallel  Positioning  System 

The  parallel  positioning  system  is  perhaps  the  most  common 
control  scheme  for  small  industrial  boilers.  With  this  type  of 
system,  control  signals  from  the  master  pressure  controller  are  sent 
simultaneously  to  the  fuel  flow  and  air  flow  regulating  devices  (see 
Figure  4-1).  The  positioning  of  these  regulating  devices  is  thus 
determined  by  the  magnitude  of  the  signal  from  the  master  pressure 
controller.  Parallel  positioning  control  systems  may  be  either 
pneumatic,  electrical,  mechanical  jackshaft,  or  a  combination  of  the 
above. 

The  parallel  positioning  system  has  the  advantages  of  quick 
response  time  and  operating  simplicity,  but  it  does  have  some 
shortcomings.  Although  the  system  as  a  whole  operates  in  a 
closed-loop  mode,  the  control  of  the  individual  air  and  fuel 
positioners  is  essentially  open-loop.  As  mentioned  earlier,  open-loop 
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control  can  lead  to  inconsistent  performance.  An  example  will 
illustrate  this:  In  a  burner  control  system,  if  the  steam  header 
pressure  drops,  the  master  pressure  controller  will  send  a  signal 
simultaneously  to  the  combustion  air  damper  and  fuel  valve 
positioners.  Fuel  and  air  flow  will  be  increased,  and  the  header 
pressure  will  be  returned  to  normal.  The  feedback  to  the  control 
system  is  provided  by  the  header  pressure  signal.  No  feedback  is 
provided  by  the  air  and  fuel  regulating  devices.  Thus,  there  is  no 
assurance  that  the  fuel/air  ratio  is  within  the  desired  range,  other 
than  the  initial  calibration  of  the  system. 

In  spite  of  this  drawback,  parallel  positioning  systems  have  a 
good  operating  history  and  are  generally  quite  reliable.  Individual 
control  components  are  fully  adjustable,  and  minor  corrections  can  be 
made  whenever  necessary.  If  more  precise  control  of  fuel/air  ratio  is 
desirable,  this  can  be  readily  accomplished  by  adding  oxygen  trim  (see 
Section  4.5). 

The  operation  of  a  parallel  positioning  system  is  virtually  the 
same,  regardless  of  whether  pneumatic,  electric,  or  jackshaft 
components  are  utilized.  However,  each  will  be  discussed  separately 
for  the  sake  of  clarity. 

4.2.1  Jackshaft  System 

A  jackshaft  control  system  is  shown  in  Figure  4-2.  With  this 
type  of  system,  the  individual  control  components  are  connected  to  a 
long  shaft  which  rotates  through  an  angle  of  approximately  90°  or  so. 
This  shaft  can  be  rotated  either  manually  or  automatically.  In  the 
automatic  mode,  the  shaft  is  rotated  by  means  of  a  drive  mechanism 
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which  is  controlled  by  a  master  pressure  controller.  The  jackshaft  is 
linked  either  directly  or  through  a  cam  mechanism  to  the  combustion 
air  damper  and  fuel  valve  positioner.  As  the  shaft  rotates,  the  fuel 
and  air  flows  are  either  increased  or  decreased  in  unison.  The 
purpose  of  the  cam  mechanism  (see  Figure  4-3)  is  to  provide  a  means  of 
varying  the  air/fuel  ratio  at  different  boiler  outputs. 

The  functioning  of  the  adjustable  cam  shown  in  Figure  4-3  is  as 
follows;  When  the  jackshaft  is  rotated,  the  roller  follower  on  the 
cam  causes  the  damper  drive  shaft  to  also  rotate.  The  amount  of 
damper  drive  shaft  rotation  that  occurs  is  thus  determined  both  by  the 
jackshaft  rotation  and  by  the  cam  profile.  The  fuel  valve  positioner 
is  linked  directly  to  the  jackshaft,  so  the  air/fuel  ratio  is  directly 
affected  by  the  profile.  Since  the  cam  profile  can  be  changed  by 
means  of  a  series  of  adjustable  set  screws,  the  air/ fuel  ratio  can  be 
calibrated  for  each  boiler  output. 

The  master  pressure  controller  utilized  with  a  jackshaft  system 
may  be  either  electrically  or  pneumatically  operated.  It  receives  an 
input  signal  from  the  steam  pressure  transmitter  and  produces  an 
output  signal  which  is  in  turn  transmitted  to  the  jackshaft  control 
drive. 

The  output  signal  from  the  master  pressure  controller  is  usually 
proportional  to  the  input  from  the  steam  pressure  transmitter,  and, 
depending  upon  the  type  of  controller,  integral  and  derivative  control 
functions  may  be  included. 

The  jackshaft  control  drive  may  be  either  pneumatic,  hydraulic, 
or  electric.  Pneumatic  drives  are  generally  used  on  larger  boilers 
where  greater  driving  force  is  required. 


A  functional  schematic  diagram  for  a  jackshaft  parallel 
positioning  control  system  is  shown  in  Figure  4-4. 

4.2.2  Pneumatic  Parallel  Positioning  System 

The  pneumatic  parallel  positioning  system  operates  in  a  similar 
fashion  to  the  jackshaft  system  except  that  pneumatic  control  signals 
are  utilized  in  lieu  of  mechanical  linkages.  The  steam  pressure 
controller  transmits  a  pneumatic  signal  to  the  combustion  air  damper 
and  the  fuel  valve  positioner  instead  of  to  a  jackshaft  control  drive 
(see  Figure  4-5).  Manual  operation  of  the  system  is  accomplished  by 
with  a  manual/auto  control  station,  and  the  fuel  to  air  ratio  is 
adjusted  by  means  of  air/fuel  ratio  controller. 

The  manual /auto  station  is  located  in  the  control  loop  "down 
stream"  of  the  master  pressure  controller.  Thus,  the  output  signal 
from  the  master  controller  must  pass  through  the  manual/auto  station 
before  it  reaches  the  rest  of  the  control  system.  The  output  signal 
from  the  master  controller  can,  therefore,  be  blocked  and  another 
signal  substituted  in  its  place  by  putting  the  manual/auto  station  on 
manual.  This  provides  manual  control  of  the  boiler. 

The  air/fuel  ratio  controller  is  located  downstream  of  the 
manual/auto  station,  either  just  before  the  air  damper  positioner  or 
the  fuel  valve  positioner.  Since  the  output  signal  from  the  air/fuel 
ratio  controller  is  proportional  to  the  input,  a  different  control 
signal  reaches  the  fuel  valve  positioner  than  reaches  the  damper 
drive.  Furthermore,  the  output  to  input  signal  ratio  for  the  air/fuel 
ratio  controller  is  fully  adjustable,  so  the  boiler  air/fuel  ratio  can 
be  varied  as  necessary  to  ensure  proper  combustion. 
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A  functional  schematic  of  a  pneumatic  parallel  positioning 
control  system  is  shown  in  Figure  4-6. 

4.2.3  Electric  Parallel  Positioning  System 

The  operation  of  an  electric  parallel  positioning  system  is 
essentially  the  same  as  that  of  a  pneumatic  system  (see  Figure  4-7). 
The  main  difference  lies  in  the  fact  that  electric  current  is  used  to 
transmit  control  signals  instead  of  compressed  air.  Most  systems  use 
direct  current  (dc),  but  the  operating  voltage  may  vary  depending  upon 
the  manufacturer.  Voltages  in  the  24  vdc  or  115  vdc  range  are  the 
most  common.  The  magnitude  of  the  control  signal  is  determined  by  the 
current  level.  Control  signal  currents  are  generally  in  the  1  to  5  or 
4  to  20  milliamp  (ma)  range. 

A  functional  schematic  diagram  of  an  electric  parallel 
positioning  system  is  shown  in  Figure  4-8.  As  can  be  seen  from  this 
diagram,  the  electric  system  is  virtually  identical  to  the  pneumatic 
system.  There  may  be  some  slight  differences  in  the  performance  of 
the  individual  components,  but  the  overall  functioning  is  the  same. 

The  steam  header  pressure  is  converted  to  a  control  signal  which  is 
transmitted  in  parallel  to  both  the  fuel  and  the  air  control  devices. 
Manual/auto  stations  are  used  to  provide  local  manual  control  for  a 
particular  device  or  subsystem,  and  a  fuel/air  ratio  controller  is 
used  to  provide  a  different  control  signal  to  the  damper  drive  than 
the  one  transmitted  to  the  fuel  valve  positioner. 
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4.3  Series  Positioning  Control  Systems 

In  a  series  positioning  system,  the  control  signal  from  the 
master  pressure  controller  is  not  sent  to  the  fuel  and  air  regulating 
devices  simultaneously  as  it  is  in  a  parallel  system.  Instead,  the 
signal  is  sent  only  to  the  fuel  valve  positioner  or  only  to  the  damper 
positioner.  The  displacement  of  this  first  regulating  device  is  then 
measured  and  used  to  transmit  a  control  signal  to  the  other 
positioner.  A  typical  series  positioning  system  is  shown  in  Figure 
4-9. 

By  using  the  actual  displacement  of  one  regulating  device  to 
control  the  other,  the  series  positioning  system  provides  an 
additional  margin  of  safety  that  is  not  available  in  a  parallel 
system.  For  example,  if  the  damper  positioner  is  the  first  control 
device  in  the  series,  then  the  fuel  flow  cannot  increase  unless  the 
air  damper  actually  opens.  This  prevents  a  hazardous  condition  from 
occurring  should  the  damper  drive  fail  to  operate  properly. 

Despite  this  advantage,  series  positioning  systems  are  not 
entirely  foolproof.  Just  as  is  true  of  a  parallel  system,  the  control 
of  air  and  fuel  flows  is  open-loop  in  a  series  system.  There  is  no 
feedback  into  the  control  loop  which  tells  the  system  what  the  actual 
flows  of  air  and  fuel  are.  Feedback  is  provided  by  the  steam  header 
pressure  only.  If  the  header  pressure  is  at  the  set  point  and  the 
air/fuel  ratio  is  nowhere  near  the  desired  value,  the  control  system 
takes  no  action  to  correct  it.  For  this  reason,  it  is  often  desirable 
to  have  oxygen  trim  added  to  a  series  positioning  system  (see  Section 
4.5). 
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Furthermore,  with  a  series  positioning  system,  there  can  be  a 
temporary  upset  in  the  air/fuel  ratio  during  changing  load.  This  can 
be  corrected  by  adding  a  cross-limiting  function  to  the  control  loop. 
This  approach  is  discussed  in  detail  in  Section  4.6. 

Pneumatic  Series  Positioning  System 

Functional  schematic  diagrams  for  two  pneumatic  series 
positioning  systems  are  shown  in  Figures  4-10  and  4-11.  Figure  4-10 
is  a  "fuel -leading-air"  system  and  Figure  4-11  is  an 
"air-leading-fuel"  system.  With  the  fuel-leading-air  system,  the 
output  signal  from  the  master  pressure  controller  goes  only  to  the 
fuel  valve  positioner.  A  transducer  located  at  the  valve  positioner 
then  transmits  a  signal  to  the  air  damper  positioner.  The  magnitude 
of  this  signal  is  proportional  to  the  amount  that  the  fuel  valve  is 
opened. 

With  the  air-leading-fuel  system,  the  operational  sequence  is 
reversed  from  that  stated  above.  The  signal  from  the  master  pressure 
controller  goes  only  to  the  damper  positioner,  and  a  transducer  at  the 
damper  transmits  a  pressure  signal  to  the  valve  positioner  which  is 
proportional  to  damper  displacement. 

Manual/auto  stations  and  fuel/air  ratio  controllers  are  used  in 
series  positioning  systems  in  the  same  manner  as  described  earlier  for 
parallel  systems.  A  manual/auto  station  is  located  in  the  control 
loop  just  downstream  from  the  master  pressure  controller  so  that  the 
entire  system  may  be  placed  on  manual  operation.  A  fuel/air  ratio 
controller  is  located  in  the  control  loop  at  the  outlet  of  the  damper 
position  transducer  (air-leading-fuel  system)  or  the  outlet  of  the 
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fuel  valve  position  transducer  (fuel-leading-air  system).  The 
fuel/air  ratio  controller,  by  producing  an  output  signal  that  is 
proportional  to  the  input,  provides  a  means  of  varying  the  ratio  of 
damper  opening  to  fuel  valve  opening. 

Functional  schematic  diagrams  for  pneumatic  series  positioning 
control  systems  are  shown  in  Figures  4-12  and  4-13.  Figure  4-12  is  a 
fuel-leading-air  fuel  system  and  4-13  is  air-leading-fuel. 

4.3.2  Electric  Series  Positioning  System 

The  electric  series  positioning  system  is  functionally  identical 
to  the  pneumatic  system.  As  with  the  pneumatic  system,  the  electric 
series  positioning  system  may  be  either  fuel -leading-air  or 
air-leading-fuel.  Functional  schematic  diagrams  of  these  two  types  of 
series  system  are  shown  in  Figures  4-14  and  4-15.  For  a  description 
of  the  operation  of  electric  series  positioning  systems,  one  may  refer 
to  the  proceeding  section  on  pneumatic  systems. 

4.4  Metering  Control  Systems 

Metering  control  systems  provide  a  level  of  precision  that  is  not 
available  with  positioning  systems.  However,  this  level  of  precision 
does  not  come  without  additional  cost  and  complexity,  and  metering 
systems  are  generally  not  justified  on  small  industrial  boilers.  A 
brief  overview  of  metering  systems  is  given  below  for  informational 
purposes. 

With  a  metering  control  system,  the  open-loop  control  of  fuel  and 
air  flows  found  with  positioning  systems  is  eliminated.  Fuel  and  air 
flows  are  measured,  and  feedback  is  provided  to  their  respective 
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control  devices.  This  is  the  same  concept  as  was  shown  earlier  in 
Figure  3-2,  the  block  diagram  for  closed-loop  control.  A  metering 
control  system  actually  consists  of  several  closed  loops.  The  steam 
header  pressure  is  measured  and  feedback  is  provided  to  the  master 
pressure  controller  to  adjust  the  fuel  and  air  flows.  The  fuel  and 
air  flows  are  measured  and  feedback  is  provided  to  their  control 
devices  to  ensure  they  are  in  accordance  with  the  signal  from  the 
master  pressure  controller. 

Metering  systems  may  use  either  the  parallel  or  series  control 
scheme.  A  typical  parallel  metering  system  is  shown  in  Figure  4-16. 
The  general  mode  of  operation  of  these  systems  is  similar  to  the 
corresponding  positioning  systems,  except  that  a  feedback  loop  is 
provided  for  air  flow  and  fuel  flow. 

Oxygen  Trim 

As  discussed  earlier  under  the  sections  describing  series  and 
parallel  positioning  systems,  there  may  be  boiler  operating  conditions 
during  which  the  air/fuel  ratio  is  unsuitable,  and  yet  the  control 
system  does  not  have  the  capability  to  take  corrective  action.  This 
may  be  caused  by  improper  calibration,  physical  changes  in  the  system, 
and  variations  in  fuel  heating  value.  Many  of  these  deficiencies  can 
be  overcome  by  adding  oxygen  trim  to  the  control  system.  Oxygen  trim 
provides  feedback  to  the  control  system  regarding  the  current  air/fuel 
ratio. 

An  oxygen  trim  system  measures  the  excess  oxygen  in  the 


combustion  products  and  adjusts  the  air  flow  accordingly  to  reduce  the 
excess  oxygen  to  the  minimum  safe  level.  Oxygen  trim  systems  are 


shown  diagramatically  in  Figures  4-17  and  4-18.  Figure  4-17  is  a 
parallel  positioning  system  with  oxygen  trim,  and  Figure  4-18  is  a 
series  system  with  oxygen  trim. 

The  functioning  of  the  oxygen  trim  system  in  either  case  is  the 
same.  The  desired  fuel  and  air  flows  are  initially  determined  by  the 
control  signal  from  the  master  pressure  controller.  Since  the  master 
pressure  controller  only  receives  feedback  from  the  steam  header 
pressure,  any  signal  from  the  master  pressure  controller  is  intended 
only  to  increase  or  decrease  the  header  pressure.  At  the  same  time, 
the  oxygen  trim  system  measures  the  level  of  oxygen  in  the  flue  gas, 
and  makes  minor  adjustments  to  the  damper  positioner.  If  the 
adjustment  made  by  the  oxygen  trim  system  causes  an  increase  or 
decrease  in  the  steam  header  pressure,  then  the  master  pressure 
controller  will  again  adjust  the  fuel  and  air  flow  together.  Thus  the 
feedback  provided  by  the  oxygen  trim  system  may  affect  the  fuel  flow 
to  the  boiler  (via  the  master  pressure  controller)  even  though  it  only 
adjusts  the  air  damper  positioning  directly. 

There  are  numerous  oxygen  trim  systems  available,  but  the 
operating  principles  of  each  are  basically  the  same.  An  oxygen 
sensing  probe  measures  the  percentage  of  oxygen  in  the  flue  gas  and 
transmits  a  control  signal  to  an  adjustable  link  mechanism.  The  link 
mechanism  then  alters  the  combustion  air  damper  position.  A  typical 
mechanism  is  shown  in  Figure  4-19.  The  trim  linkage  may  be  located 
anywhere  between  the  damper  drive  and  the  damper.  The  damper  drive 
moves  in  accordance  with  the  signal  from  the  master  pressure 
controller.  The  trim  mechanism  then  by  changing  the  effective  length 
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of  the  connecting  linkage,  either  adds  to  or  subtracts  from  the  damper 
drive  displacement.  An  oxygen  trim  system  using  a  so  called  "tory" 
link  on  the  damper  positioner  is  shown  in  Figure  4-20.  This  system 
changes  the  effective  positioner  displacement  by  adjusting  the  tory 
link. 

Oxygen  trim  systems  are  also  available  which  use  electronic 
signals  to  perform  the  same  function  as  the  adjustable  link  mechanism. 
With  these  electronic  systems,  a  feedback  signal  is  provided  to  the 
damper  positioner  which  alters  its  output. 

Modern  oxygen  trim  systems  use  a  zirconium  oxide  probe  which 
directly  measures  oxygen  level.  Older  systems  use  an  aspirating 
device  which  draws  samples  from  the  flue  gas  for  analysis.  These 
aspirating-type  systems  are  inherently  slower  in  response  and  are  thus 
becoming  obsolete. 

.6  Cross-Limiting  Control 

"Cross-limiting"  or  "lead-lag"  control  is  another  common  feature 
which  can  be  added  to  burner  control  systems  to  improve  performance. 
Cross-limiting  requires  that  the  air  flow  increase  first  on  increasing 
boiler  load,  and  that  the  fuel  flow  decrease  first  on  decreasing 
boiler  load.  This  is  especially  important  during  sudden  changes  in 
boiler  load.  When  a  rapid  change  in  load  occurs,  the  boiler  air/fuel 
ratio  may  be  considerably  out  of  adjustment  until  the  control  system 
stabilizes.  As  long  as  sufficient  combustion  air  is  admitted  to  the 
furnace,  this  does  not  create  more  than  a  temporary  period  of 
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inefficient  operation.  However,  if  insufficient  air  is  present,  the 
incomplete  combustion  that  results  can  cause  excessive  smoking  and 
possible  hazardous  conditions  within  the  furnace. 

It  is,  therefore,  desirable  to  provide  either  a  mechanical  or 
electronic  interlock  in  the  control  system  that  will  not  allow  the 
fuel  valve  to  open  unless  the  air  damper  opens  first,  and  will  not 
allow  the  air  damper  to  close  unless  the  fuel  valve  closes  first. 

With  more  advanced  control  systems,  this  is  accomplished  by  using  an 
auctioneering  control  device  which  receives  feedback  from  the  fuel  and 
air  flow  transmitters  and  provides  remote  set  points  for  the  fuel  and 
air  flow  controllers.  This  type  of  control  system  is  generally  not 
found  on  small  industrial  boilers  due  to  its  cost  and  complexity. 

A  more  simple  means  of  providing  the  cross-limiting  effect  is  to 
install  time  delay  units  in  the  control  loop  upstream  of  the  air 
damper  and  fuel  valve  positioners.  These  units  cause  an  increasing 
signal  to  the  fuel  valve  positioner  to  be  delayed  by  a  few  seconds, 
and  a  decreasing  signal  to  the  air  damper  positioner  to  be  delayed  by 
a  few  seconds.  Increasing  signals  to  the  air  damper  and  decreasing 
signals  to  the  fuel  valve  are  not  affected.  This  is  represented 
graphically  in  Figure  4-21.  This  type  of  control  does  not  actually 
"limit"  the  fuel  flow  with  respect  to  air  flow  as  occurs  in  a  true 
cross-limiting  system,  but  it  does  achieve  essentially  the  same 
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FEEDWATER  CONTROL  SYSTEMS 


5.1  General 

As  stated  in  Section  2.3,  the  purpose  of  the  feedwater  control  system 
is  to  maintain  the  proper  amount  of  water  in  the  drum  during  all  load 
conditions.  This  task  is  complicated  by  the  effects  of  drum  swell  or 
shrink  which  occurs  during  load  changes.  Feedwater  controls  must  take 
into  consideration  the  design  of  the  boiler  as  well  as  the  operating 
conditions  which  are  likely  to  be  experienced. 

Feedwater  control  systans  are  generally  classified  by  the  number 
of  process  variables  which  are  used  in  the  control  loop.  The 
variables  normally  used  are  drum  level,  feedwater  flow,  steam  flow, 
and  steam  pressure.  Single>element  control  uses  one  variable, 
two>element  uses  two  variables,  and  so  on.  A  discussion  of  one-, 
two-,  and  three-element  control  is  given  below. 

5.2  Single-Element  Feedwater  Control 

Single-element  control  is  the  simplest  and  most  basic  type  of 
feedwater  control.  Only  one  process  variable,  namely  drum  level,  is 
used  as  input  to  the  control  loop.  A  schematic  diagram  for 
single-element  feedwater  control  is  given  in  Figure  5-1. 

Although  there  are  numerous  single-element  control  systems 
available,  they  all  follow  basically  the  same  operating  principle. 

Drum  level  is  measured  and  transferred  or  transmitted  to  a  level 
controller  or  regulator,  which  in  turn  manipulates  the  feedwater 
valve.  As  the  water  level  lowers,  the  valve  is  opened,  and  as  the 
water  rises  the  valve  closes. 


5-1 


i6URE  5-1  SIMPLE  ElEMEi'-.T  FEED' 


rM 


Many  single-element  feedwater  controllers  have  proportional 
action  only.  This  results  in  the  characteristic  offset  experienced 
with  proportional  control  (see  Section  3.5).  In  other  words,  the  drum 
level  varies  slightly  as  the  boiler  output  varies.  This  is  shown 
graphically  in  Figure  5-2.  This  is  acceptable  in  some  cases,  but  it 
is  usually  desirable  to  add  an  integral  (or  reset)  function  to  the 
control  signal  to  reduce  the  offset. 

Even  with  proportional  plus  reset  control,  single  element  control 
systems  can  be  somewhat  unstable  during  sudden  load  changes.  This  is 
due  in  large  part  to  the  effects  of  drum  swell.  Figure  5-3  shows  the 
response  of  a  single-element  feedwater  control  system  with 
proportional  plus  reset  control.  As  load  increases,  swelling  raises 
the  water  level  which  causes  the  regulator  to  close  the  feedwater 
valve.  The  reduction  in  feedwater  flow  tends  to  increase  the  steaming 
rate.  This  produces  additional  swell  and  closes  the  feedwater  valve 
even  further.  Eventually  the  lowered  feedwater  flow  gradually  causes 
the  drum  level  to  drop,  and  the  feedwater  valve  then  opens.  The 
increased  feedwater  flow  causes  a  shrink,  which  opens  the  feedwater 
valve  even  further.  Finally,  the  rate  of  feedwater  input  exceeds  the 
steam  flow  output,  which  causes  the  water  level  to  approach  the  set 
point  and  the  valve  again  starts  to  close.  Continuous  cycling  of  this 
type  during  a  load  change  is  common  with  single-element  feedwater 
control,  especially  on  fast  steaming  rate  boilers. 
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Two-Element  Feedwater  Control 


When  the  boiler  drum  level  cannot  be  properly  maintained  using 
single-element  control,  a  second  process  variable  input  may  be  added 
to  the  control  loop  to  improve  the  response  of  the  system.  This  is 
known  as  two-element  control.  (See  Figure  5-5.)  With  a  two-element 
system,  both  drum  level  and  steam  flow  are  used  to  regulate  the 
feedwater  flow  into  the  drum.  This  is  often  necessary  with  boilers 
that  have  fast  steaming  rates  or  small  steam  drums,  or  which 
experience  rapid  load  swings. 

If  the  feedwater  control  valve  could  be  relied  upon  to  admit  to 
the  drum  only  the  precise  amount  of  water  required  to  replace  the 
steam  flow,  it  would  be  necessary  to  only  measure  the  steam  flow,  and 
no  drum  level  measurement  would  be  required.  This  is  not  the  case, 
however,  since  the  steam  and  water  flows  cannot  be  measured  or 
controlled  that  accurately.  Furthermore,  the  feedwater  flow  to  the 
drum  must  also  account  for  water  lost  during  blowdown.  Thus,  the  drum 
level  must  also  be  included  in  the  control  loop. 

With  two-element  control,  steam  flow  rate  is  measured  and 
transmitted  to  a  proportional  positioning  controller  which  compares 
the  flow  rate  to  the  desired  set  point.  If  any  deviation  exists,  a 
control  signal  is  transmitted  to  the  feedwater  controller  to  increase 
or  decrease  the  feedwater  flow.  A  secondary  signal  is  also  sent  to 
the  feedwater  controller  from  the  drum  level  controller.  In  effect, 
the  drum  level  controller  modifies  the  set  point  or  control  point  of 
the  steam-feedwater  system  as  necessary  to  correct  for  level  changes 
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resulting  from  unequal  steam  and  feedwater  flows.  For  example,  when 
the  load  Increases,  the  steam  flow  transmitter  and  control  system 
respond  to  increase  feedwater  flow.  This,  in  effect,  anticipates  the 
change  in  water  level.  It  also  counteracts  the  tendency  of  the  drum 
level  element  to  close  the  feedwater  valve  as  swell  occurs.  Thus, 
both  the  feedwater  flow  and  the  drum  water  level  are  quickly 
stabilized,  even  if  the  change  in  load  is  rapid  or  large.  A 
two-element  system  provides  sufficient  reduction  in  the  sensitivity  of 
the  feedwater  level  controller  so  as  to  disregard  the  normal  effects 
of  shrink  or  swell . 

Three-Element  Feedwater  Control 

When  operating  conditions  are  severe,  the  three-element  control 
system  is  by  far  the  most  reliable  for  maintaining  drum  level  within 
the  desired  limits.  With  three-element  control,  the  feedwater  flow  is 
measured  in  addition  to  steam  flow  (or  pressure)  and  drum  level  (see 
Figure  5-6).  This  provides  a  closed-control  loop  in  the  system  which 
is  not  available  with  either  one  or  two-element  control.  With  both 
one  and  two-element  control,  the  feedwater  valve  positioning  is 
open-loop.  Actual  flow  is  not  measured,  and  the  feedback  to  the 
control  loop  which  corrects  the  valve  positioning  comes  from  drum 
level  only. 

In  a  three-element  control  system,  the  feedwater  flow  is 
measured,  and  a  feedback  signal  is  produced  which  adjusts  the  output 
signal  from  the  feedwater  controller.  This  direct  feedback  insures 


that  the  desired  feedwater  flow  is  quickly  achieved  despite  variations 
in  water  pressure  or  water  temperature,  changes  in  valve 
characteristics,  loose  linkages,  or  other  system  deviations. 

Three-element  control  reduces  the  sensitivity  of  the  drum  level 
controller  below  that  achievable  with  two-element  systems,  which  makes 
them  virtually  unaffected  by  drum  level  instability.  Three-element 
systems  can  also  make  effective  use  of  proportional -plus-reset 
functions  in  the  feedwater  controller,  thus  eliminating  droop  (or 
offset).  Figure  5-4  is  a  graphic  representation  of  the  response  of  a 
three-element  control  system  to  a  sudden  change  in  boiler  load.  As 
can  be  seen  from  this  diagram,  the  feedwater  flow  is  increased  quickly 
after  load  increase,  even  though  the  apparent  drum  level  has  increased 
due  to  swell.  The  feedwater  flow  also  quickly  stabilizes  despite 
several  fluctuations  in  drum  level.  The  drum  level  returns  to  its 
original  position  (with  no  offset)  even  though  the  boiler  output  has 
increased. 

Three  element  control  systems  are  also  available  which  measure 
steam  pressure  (instead  of  flow),  drum  level,  and  feedwater  flow. 
Although  this  approach  is  somewhat  less  common,  it,  too,  provides 
precise  control.  The  functioning  of  this  type  system  is  essentially 
the  same  as  that  outlined  above,  the  only  difference  being  the  fact 
that  steam  header  pressure  instead  of  flow  is  monitored. 


5-5 


r',' 

t 


a 


w 


k. 


I 


I  LEVEL 

^controller 


'FEEDWATER 
.controller  ^ 


NOTE:  DEPENDING  ON-  \i 
THE  TYPE  FEEDWATER 

controller  used,  drum 
level  controller  may 

NOT  BE  REQUIRED.  5I6NAL  FE£DBAC< 

FROM  level  transmitter  516NAL 


COES  DIRECTLY  TO 
FEEDWATER  CONTROLLER. 


FW  flow 
transmitter. 


FEEDWATER 

- ►<£ 


i 

I 


FEEDWATER 


valve 


riGuKt 


■HPEE-E-Er^^ 


A-/' 


fv. 


Mechanical  Feedwater  Regulators 

Mechanical  feedwater  regulators  provide  a  complete  control 
system,  from  drum  level  sensing  to  feedwater  valve  positioning.  They 
generally  provided  single-element  control,  but  two-element  control 
regulators  are  also  available.  In  either  case,  the  entire  control 
process  is  accomplished  mechanically,  and  electronic  or  pneumatic 
control  elements  are  not  required. 

Mechanical  regulators  have  generally  been  replaced  through  the 
years  with  electronic  or  pneumatic  systems  like  those  described 
earlier.  However,  many  of  these  regulators  are  still  in  existence  and 
some  types  are  still  being  installed  on  small  boilers  today.  Two  of 
the  more  common  types  of  mechanical  feedwater  regulators  are  discussed 
below. 

A  thermo-hydraulic,  or  generator-diaphragm  type  of  feedwater 
regulator  is  shown  in  Figure  5-7.  This  regulator  uses  the  increase  in 
pressure  caused  by  evaporating  water  within  a  confined  space  to 
position  the  feedwater  control  valve. 

The  water  is  evaporated  in  a  "generator"  which  consists  of  two 
concentric  tubes.  As  can  be  seen  from  Figure  5-7,  the  outer  tube  of 
the  generator  is  connected  to  the  valve  diaphragm  chamber,  which  in 
turn  positions  the  feedwater  valve.  The  diaphragm,  connecting  tubing, 
and  the  outer  tube  of  the  generator  filled  with  water.  The  water  does 
not  circulate,  and  heat  is  radiated  from  it  by  fins  located  on  the 
generator.  The  inner  tube  is  connected  directly  to  the  water  column 
and  contains  boiler  water  and  steam.  The  water  in  the  inner  tube 
remains  at  the  same  level  as  that  in  the  drum. 
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When  the  water  in  the  drum  is  lowered,  more  of  the  inner 
generator  tube  is  filled  with  steam.  Since  heat  is  transferred  faster 
from  steam  to  water  than  from  water  to  water,  extra  heat  is  added  to 
the  confined  water  in  the  outer  generator  tube.  The  radiating  fin 
surface  is  not  sufficient  to  remove  the  heat  as  rapidly  as  it  is 
generated.  The  heat  from  the  steam  in  that  portion  of  the  tube 
vacated  by  the  drop  in  water  level  thus  causes  the  water  in  the  outer 
tube  to  flash  into  steam.  This  increases  the  pressure  in  the  outer 
tube  which,  in  turn,  causes  the  bellows  in  the  valve  positioner  to 
expand.  This  forces  the  valve  to  open  and  admit  more  water  to  the 
drum.  When  the  drum  level  is  raised,  the  above  process  is  reversed. 

A  thermostatic  expansion  tube  regulator  is  shown  in  Figure  5-8. 

This  type  of  regulator  uses  the  expansion  and  contraction  of  a 
thermostatic  tube  to  position  the  feedwater  control  valve. 

As  can  be  seen  in  the  diagram,  lowering  the  drum  level  causes  more  of  the 
thermostatic  tube  to  be  filled  with  steam.  Since  heat  from  the  steam 
is  transferred  to  the  tube  faster  than  the  heat  can  be  radiated  from 
it,  the  tube  expands.  This  causes  displacement  of  the  feedwater  valve 
linkage  and  the  valve  is  opened.  When  the  water  level  rises,  the 
process  is  reversed. 
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FLAME  SAFETY  SYSTEMS 


6.1  General 

The  purpose  of  the  flame  safety  system  is  to  prevent  explosions 
that  can  occur  when:  (1)  a  flame  or  other  ignition  source  is 
introduced  into  a  furnace  that  contains  air  and  fuel  vapors  in  an 
explosive  mixture,  (2)  fuel  is  discharged  into  the  furnace  during 
start-up  without  proper  ignition  taking  place,  (3)  the  burner  flame  is 
extinguished  during  normal  operation  without  the  fuel  supply  being 
shut  off;  or,  (4)  a  major  malfunction  in  the  burner  or  feedwater 
control  system  occurs.  There  are  a  number  of  control  techniques 
available,  and  the  various  manufacturer  all  have  their  own 
preferences,  but  each  flame  safety  system  provides  protection  in  the 
areas  outlined  above. 

In  contrast  to  the  sections  covering  burner  and  feedwater 
controls,  no  attempt  will  be  made  here  to  identify  all  the  control 
components  in  the  flame  safety  system.  Instead,  the  basic  functions 
of  the  system  will  be  examined  during  each  of  three  operating  modes: 
start-up,  normal  operation,  and  shut-down  will  be  discussed.  The 
reason  for  this  approach  is  the  fact  that  flame  safety  systems  are 
generally  not  discrete  systems.  Rather,  they  are  a  series  of  timers, 
relays,  limit  switches,  sensing  devices,  etc.,  which  are  integrated 
into  the  burner  control  system  to  provide  the  necessary  interlocks. 

Although  totally  automatic  systems  are  available,  only 
semi-automatic  or  "supervised  manual"  systems  will  be  discussed  here. 
The  more  advanced  systems  are  generally  not  found  on  small  industrial 
boilers  and  are,  therefore,  considered  beyond  the  scope  of  this  text. 
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Start-Up 

Start-up  from  a  cold  condition  presents  perhaps  the  greatest 
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danger  from  explosion.  It  is  essential  that  the  furnace  be  purged  of 
all  combustible  gases  before  any  source  of  ignition  is  introduced,  and 
that  once  fuel  flow  is  initiated,  ignition  takes  place  quickly. 

The  entire  startup  process  may  be  controlled  automatically,  but 
most  small  industrial  boilers  are  started  either  manually  or 
semi -automatically.  If  a  manual-only  system  is  provided,  few 
interlocks  may  exist  other  than  those  which  prevent  lighting  the 
ignitor  after  the  fuel  valve  to  the  main  burner  has  been  opened. 
Semi-automatic  systems  provide  a  much  greater  level  of  protection 
against  improper  operation  and  are  obviously  more  complex.  The 
interlocks  provided  by  a  semi-automatic  (supervised  manual)  flame 
safety  system  during  the  start-up  process  are  shown  in  Tables  6-1  and 
6-2. 

Purging  of  the  furnace  is  generally  accomplished  using  the 
combustion  air  fan(s).  A  purging  air  timer  is  provided  that  will  not 
allow  ignition  until  the  fan(s)  have  been  in  operation  for  a  specific 
period  of  time.  For  watertube  boilers  the  purge  air  flow  must  be  at 
least  70  percent  of  the  air  flow  required  at  the  maximum  capacity  of 
the  boiler,  and  the  duration  of  the  purge  must  be  sufficient  for  at 
least  eight  air  changes  to  occur.  (This  is  usually  around  5  minutes). 
For  fi retube  boilers,  the  purge  is  conducted  with  wide  open  dampers, 
and  four  air  changes  are  normally  required.  In  either  case,  air  flow 
is  verified  by  providing  limit  switches  on  the  dampers  and  a  pressure 
switch  at  the  fan  discharge,  or  by  providing  air  flow  measurement 
devices  such  as  differential  pressure  switches. 


6-2 


Once  fuel  flow  has  been  initiated  to  the  ignitor  or  main  burner, 
flame  verification  is  usally  achieved  by  means  of  flame  scanning 
devices.  These  flame  scanners  may  be  either  the  infrared  flicker  type 
or  the  ultraviolet  type.  (See  Section  7.3.1). 
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TABLE  6-1 


FLAME  SAFETY  SYSTEM 
TYPICAL  PREFIRING  CYCLE 
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Operator  Function 


1.  Check  to  see  that  fuel 
shut-off  valve  is  closed. 

2.  Start  fan. 

3.  Where  used,  open  atomizing 
medium  valve. 

4.  Open  damper(s)  to  purge 
position. 


5.  Start  purge  timer. 


6.  Place  damper  and  fuel 

control  valve  in  light-off 
position. 


7.  None 


Flame  Safety  System  Function 


Verify  fuel  shut-off 
valve  is  closed. 

Verify  fan  is  on. 

Verify  atomizing  medium 
supply  is  available. 

Verify  air  pressure  is 
available  and 
damper(s)  is  open  or 
verify  air  flow. 

Verify  purge  time  has 
elapsed. 

Verify  damper  and  fuel 
control  valve  in 
light-off  position. 

If  light-off  air  flow  is 
less  than  purge  air  flow, 
start  light-off  time 
limit  timer. 

Verify  spark  and  igniter 
and  main  safety  valve  is 
operable. 


mim 


TABLE  6-2 


FLAME  SAFETY  SYSTEM 
TYPICAL  LIGHT-OFF  CYCLE 


1.  Start  igniter  ignition 
system. 


2.  Open  fuel  safety  shutoff 
valve  to  main  burner. 

3.  Open  manual  fuel  shutoff 
valve. 


4.  Bring  unit  to  preset 
operating  pressure  at 
acceptable  rate 
and  switch  to  automatic 
combustion  control. 


Verify  igniter  operation. 
If  air  flow  is  less  than 
purge  air  flow  rate, 
igniter  operation  shall 
be  demonstrated 
within  10  seconds. 

None 


Verify  flame  within  10 
seconds  for  gas. 

No.  2,  and  No.  4  oil ,  15 
seconds  for  No. 

5  and  No.  6  oil.  Close 
igniter  safety 
shutoff  valve(s).  For 
gas  igniter  vent 
gas  piping  between 
shutoff  valves. 

None 
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Normal  Operation 

The  main  safety  hazard  during  normal  operation  is  loss  of  the 
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burner  flame.  This  can  result  form  a  variety  of  causes,  including 
improper  fuel  pressure,  interruption  in  fuel  supply,  contaminated  fuel 
(with  water,  sludge,  etc.)  boiler  tube  rupture  or  some  malfunction  of 
the  burner  itself.  If  the  burner  controls  are  improperly  calibrated, 
the  flame  can  be  unstable  due  to  improper  air  fuel  ratio. 

The  flame  safety  system  must,  therefore,  ensure  that  the  fuel 
supply  to  the  burner  is  shut  off  immediately  whenever  the  burner  flame 
is  lost.  This  is  accomplished  using  the  same  flame  scanners  that  are 
used  for  start-up.  If  more  than  one  burner  is  provided,  a  flame 
scanner  is  usually  furnished  for  each  burner.  If  the  burner  flame 
goes  out  inadvertantly,  the  flame  scanner  immediately  trips  the  fuel 
safety  shutoff  valve. 

The  flame  safety  system  must  also  have  the  ability  to  take  the 
boiler  out  of  service  if  a  major  malfunction  in  the  burner  control 
system  or  feedwater  control  system  occurs.  Therefore, 
interconnections  are  usually  provided  between  the  flame  safety  system 
and  both  the  burner  control  and  feedwater  control  systems.  These 
interconnections  allow  the  flame  safety  system  to  trip  the  boiler 
any  time  one  of  the  following  conditions  occur: 

1.  Loss  of  burner  control  system  power  (electric,  pneumatic,  or 
hydraulic) 

2.  Loss  of  combustion  air  supply 

3.  Excessive  steam  pressure 

4.  Loss  of  atomizing  medium  (if  required) 

5.  Very  high  or  very  low  drum  level 

6.  Improper  fuel  supply  pressure 
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If  the  boiler  is  furnished  with  sootblowers,  interlocks  are 
normally  provided  so  that  sootblowing  can  only  be  performed  when  the 
boiler  is  in  service  with  a  firing  rate  sufficient  to  avoid 
extinguishing  the  burner  flame.  Sootblowing  during  shutdown  or 
startup  is  thus  precluded. 

Shutdown 

The  flame  safety  system  is  involved  in  both  the  normal  boiler 
shutdown  and  the  emergency  or  safety  shutdown.  (The  normal  shutdown 
is  one  which  is  initiated  by  the  boiler  operator,  whereas  the 
emergency  shutdown  is  initiated  by  the  flame  safety  system  or  by  any 
boiler  trip  signal .) 

During  a  normal  shutdown,  the  flame  safety  system  verifies  that 
the  fuel  safety  shutoff  valve  to  the  main  burner  is  closed  so  that  the 
combustion  air  fan  and  atomizing  system  (if  used)  may  be  shut  down. 

In  an  emergency  shutdown,  the  flame  safety  system  will  normally  stop 
the  fuel  supply  to  the  main  burner  and  the  igniter  (by  tripping  the 
safety  shutoff  valves)  and  interrupt  the  spark  to  the  igniter.  If  a 
gas  burner  and/or  igniter  is  used,  the  flame  safety  system  will  also 
vent  the  piping  between  the  fuel  safety  shutoff  valves  during  an 
emergency  shutdown. 
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CONTROL  SYSTEM  COMPONENTS 


Burner  Controls 

Manual /Auto  Control  Station 

Function 

The  manual /auto  control  station  allows  the  operator  to  isolate  a 
device  or  sub-system  from  automatic  control  and  to  operate  that  device 
or  sub-system  manually  from  the  control  station. 

Theory  of  Operation 
0  Pneumatic  Systems 

In  the  automatic  mode  of  operation,  the  output  signal  from  the 
manual/auto  control  station  is  identical  to  the  input  signal.  An 
unrestricted  passage  is  provided  through  the  device  so  that  the  air 
pressure  at  the  outlet  signal  port  is  the  same  as  the  air  pressure  at  the 
inlet.  In  other  words,  the  manual/auto  control  station  has  no  effect  on 
the  system  when  it  is  in  the  automatic  mode. 

In  the  manual  mode  of  operation,  the  output  signal  is  totally 
indepdendent  of  the  input  signal.  The  input  pressure  signal  is  blocked  by 
means  of  a  multiport  valve,  and  the  output  pressure  signal  is  controlled  by 
manually  adjusting  a  pressure  regulator.  This  regulator  is  fed  from  an 
auxiliary  air  supply  (from  the  instrument  air  compressor). 

An  important  feature  of  the  manual/auto  control  station  is  what  is 
called  "bumpless  transfer."  That  is,  the  ability  to  switch  back  and  forth 
from  manual  to  auto  without  drastic  or  rapid  changes  in  the  output  pressure 
signal.  Indicating  gauges  are  provided  on  the  control  station,  and  the 
valving  arrangement  is  such  that  the  output  signal  may  be  manually  adjusted 
to  match  the  input  signal  before  the  transfer  is  made. 
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0  Electronic  Systems 


The  electronic  manual/auto  control  stations  operate  in  the  same  manner 
as  the  pneumatic  units,  except  that  electronic  circuitry  is  utilized 
instead  of  mechanical  components.  The  input  signal  can  be  duplicated  as 
output  (auto  mode),  or  the  input  signal  can  be  blocked  and  an  independent 
output  signal  generated  by  the  unit  (manual  mode). 
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;B  aiiil!ey'  Babcock  &  Wilcox 


Product  Specification 
E91-7U 


BAILEY  7000  M/A  STATION 

Type  711 


Function 

Provides  u  tnemis  or'  wunnecting  j  final  wontrol  element 
either  ro  an  automatic  signal.  >>r  to  j  manually  adjustable 
source  of  4O0ma  DC  witiun  the  station.  Transfer  to  and  t>om 
manual  control  is  bunipiesi. 

Tlie  station  may  be  equipped  with  an  optional  input 
meter. 


Application 

The  Type  *11  Manuai/Automatic  Station  is 
primarily  where  one  controller  actuates  several  rlnal  control 
elements  and  it  may  be  desirable  to  switch  any  element  from 
automatic  to  manual  control. 

Oascription 

The  Type  T 1 1  Manual.  .Automatic  Station  is  provided  with 
an  output  meter  with  a  scale  calibrated  O'lOO  percent.  The 
meter  is  equipped  with  a  manually  adjustable  pointer  on  (he 
outside  of  tite  cose.  This  memory  pointer  allows  tiie  operator 
to  mark  the  station  output  for  normal  operation. 

Operation 

When  the  station  manual; automatic  swuch  is  in  Mie 
automatic  position  the  lo  volt  input  produces  two  output 
sigiuis,  lo  volts  and  4.:0ma  DC. 

When  the  M/.A  switch  is  in  the  manual  posmon.  the 
station  output  is  derived  from  a  pusnbutton  actuated  manual 
power  supply  Interciungeable  caps  on  the  pushbuttons, 
marked  "Close  '  and  "Open  indicate  the  state  of  the  final 
control  element  corresponding  to  0  and  IIXK’'  <)U(put.  When 
normal  pressure  is  applied  to  a  pushbutton,  the  station  output 
ciunges  at  a  rate  that  takes  50  >e'C()nds  for  100  per  cent 
cnange.  If  the  button  is  pressed  iiord  against  the  stop,  the 
lutput  change  is  100  per  cent  in  5  seconds. 

Normally,  'he  left  pusiibution  causes  the  manual  «>u(Dut 
to  decrease,  however,  the  direction  of  change  can  be  reversed 
reoositionmg  jumpers  on  the  circuit  b«)ard. 

Tiiere  .s  no  wlijnge  in  out  out  when  the  station  is  switched 
'rom  automatic  to  manual. 

When  (he  station  is  switched  from  manual  to  automatic 
there  is  no  immediate  output  change.  If.  however,  the  manual 
output  IS  not  tiie  same  as  the  automatic  signal  at  the  time  of 
transier.  the  station  output  will  ramp  to  the  proper  value  at  an 
idiusiable  rate  of 0*30  seconds  fora  10^-  change. 


FULL  SIZE 

FIGLRE  !  ■  Tyoe  ^  1 1  \l  A  Station 


X  3aii#v  V«tr  Comoanv  *9*4 


FIGURE  7-1 


BAILEY  ELECTRONIC  MANUAL/ AUTO  STATION 


Product  Specification 
P91-2 

Bfaiijlleyl  Babcock  &  Wilcox 

MINI-LINE*  500  HAND/AUTOMATIC  STATION 


ProvilleA  all  neoe^Min*  intlica* 
tion»  anil  coniroU  for  ^mooilu 
’*l)uiiiplc»a**  iiaiiil  uutocnatic 
iraiutVr  ami  complelo  remote 
manual  or  juloiiialic  operation 
of  a  pneumatic  control  system. 

Application 

For  Uite  aa  a  ^initle-loop  or 
fiiiilti-Joop  pneumatic  control 
4y.*tem  component  or  a«  an  in* 
«lepcn«leni  operaiintc  elation  re* 
mote  from  central  control  loca* 
tion. 


Noturoc 

•  Small  «iac  anti  compact  aroup- 
iiig  of  all  intiicatorr  ami  control 
knol»A  provide  maximum  efii* 
•’tcncy  and  tlexilnlity  in  layout 
of  coniroi  ;*tation*. 

e  Plusfin  module  derian  per* 
iiiit»  removal  of  H  A  station 
Hichout  dUcurbintf  pipins  «ince 
all  connectiona  are  made  at 
manifold  on  rear  of  protective 
•'aM*  wliicii  iiiountr  directly  to 
panel. 

e  Ki‘duci*«  routine  maintenance 
(hrmiaii  (i»e  of  iMiilt*in  air  sup¬ 
ply  Hlier». 

•  Shock  and  vibration  rc^i«tanl. 

•  Simplili<*«  •tockimt  of  «pare 
parf^  *iiice  iiianv  of  the  compo¬ 
nent  parts  are  comiiion  to  other 
Bailey  crpiipnienl. 


nouil  I^MfNI-UNf  500 
H/A  StatfoA*  TYFf  AJ. 


SERVICE 


oBiBa 

BBB 

FULL  SIZE 


*t«f.  U.S.  ^at.  Off. 


FIGURE  7-2  BAILEY  PNEUMATIC  MANUAL/AUTO  STATION 


Patlleyi  Babcock  &  Wilcox 


BAILEY  7000  BIAS  M/A 

Type  712 

Function 

The  T>'pe  '12  Bias  Manual/Automaiic  Station  accepts  an 
input  signal  and  either  adds  to  it.  or  subtracts  trom  it  a  I'lxed 
amount  up  to  23^  of  the  input  span.  Alter  this  addition  or 
subtraction,  the  signal  is  passed  on  to  the  load  if  the  station 
inanuai/automaiic  switch  is  in  the  automatic  position. 

If  the  switch  is  on  manual,  the  load  is  supplied  with  either 
1-5  volts  or  -f-^Oma  from  an  independent  supply  within  the 
station. 

Application 

Figure  2  illustrates  a  typical  application  of  the  Type  712 
Bias  .M/A  Station.  Header  pressure  is  controlled  by  a  pressure 
controller,  the  output  of  which  regulates  ilow  of  coal  from 
iliree  pulverizers  to  a  boiler. 

For  the  same  control  signal  the  pulverizers  do  not  deliver 
the  same  quantity  of  fuel  to  the  combustion  chamber,  and  if 
the  pulverizers  do  not  divide  the  load  equally,  they  may  cause 
the  operation  to  be  inefficient. 

Tlie  bias  stations  make  it  possible  to  balance  the 
pulverizer  outputs  so  that  they  respond  equally  to  the  pressure 
controller  output. 

Description 

Tile  Type  '12  Bias  .Manual/ .Automatic  Station  consists  of 
a  front  panel  on  which  are  mounted  the  bias  seiang 
meclianism.  meters,  manual  operation  pushbuttons  and 
rwo-posiiion  transfer  switch.  The  vertical  meter  is  a  l-5v 
voltmeter  scaled  0-1  CO  representing  percent  of  the  input 
vanable.  The  liorizontal  meter  is  scaled  0-100  representing 
percent  of  the  station  output  which  may  be  either  1-5  volt  or 
4-20ma. 

The  electronic  elements,  whicli  are  a  combination  of 
integiaied  circuits,  amplifiers,  and  discrete  components,  ate 
mounted  on  a  single  glass  epoxy  laminated  circuit  board. 

The  top  and  bottom  of  the  controller  are  extruded 
aluminum,  and  an  easily  removed  cover  plate  on  each  side 
completes  the  enclosure. 

A  spring  catch  on  the  top  secures  the  station  m  us  normal 
positton  on  the  sheif  but  allows  easy  withdrawal,  either 
completely  or  half-way.  for  tn-place  calibration. 


STATION 


FULL  SIZE 


FIGURE  1  -  Type  712  Bias  Manuati  Automatic  Station. 


FIGURE  7-3  BAILEY  ELECTRONIC  MANUAL/AUTO  STATION  WITH  BIAS  CONTROL 


Hays-Repubiic 


model  C-04330 
pneumatic  control  stations 


•  MAMUAL  or  MAMUAL-AUrOMAT/C  •  COHSOLE  ORIBHTED  0 
0  BUklPLESS  M/A  TRANSFER  0  MNIIMJN  PANEL  SPACE  0 


operation 


The  Hoyt-Republic  lerlet  of  pneumetlc  cenOrei  ototient 
ore  oveiloble  In  seven  voriotiens  for  such  opplicehont 
m:  remote  set  point;  monuol'outo  tronsfer  el  ponel  or 
remotely  located  controliert;  monuol'outo  stotiont  for 
spring  set  point  or  cascaded  controllers:  monttoring  and 
remote  poiiHoning  of  final  drive  dev«cet;  ond  stoHont 
for  monitoring  only. 

The  control  stations  feoture  a  J-mch  duplea  scale  indl* 
cotfng  the  controller  variable  with  either  the  final  control 
or  set  point  presoure.  All  controls  ond  switches  ore  reodiiy 
occessible  on  the  front  of  the  compact  ponel.  There  is 
no  need  for  badi-of«the*panel  odjustments,  or  special 
setting  procedures. 

Basic  elements  for  each  s.otien  include  a  hand  looder 
for  quick  set  pomt  adjustments  when  the  system  is  on 
outemoric  or  loading  o  final  control  element  during 
manual  operation.  Monual*auto  models  contain  transfer 
voives  providing  positive,  bumpless  m^o  transfer.  Models 
C>43301  and  C^t3304  include  o  position  switch  for  set 
ooint  loading  pressure  and  controlled  varioble  syn* 
chrenisofion. 


specificatiops 


Model .  C-04330 

Input/Output .  3  to  IS  psig 

Indicotor 

Aceurocy . SIX  of  Ronge 

Sensitivity . S1/2X  of  Range 

Red  Pointer  . Monuol  Loodlng 

Block  Pointer  . 3tolS  psig  Input 

Air  Supply .  1 8  to  20  psig 

Static  Air  Consumption . 0.1  scfm 

Service  Morkings . 25  Spaces 

Ponel  Cutout .  ....  2«3/4*  w  «  S'  h 

Weight . 6  Pounds  Net 


FIGURE  7-4  HAYS-REPUBLIC  ELECTRONIC  MANUAL/AUTO  STATION 


Hays-Republic 

model  C-85001 
hand  auto  station 


•  SIMPLE  RUGGED  DESIGN  •  PRECISE  MANUAL  POWER  UNIT  POSITIONING  • 
•  CONVENIENT  FRONT  ADJUSTED  ZERO  AND  SPAN  • 


9  CD  O 


turn  Mn 


application 

Th«  C-8S001  Hond-Auto  Station  parmita  r«- 
mota  or  raor  of  ponol  mounting  of  840  (oriot 
controllori  whilo  providing  tho  nocoMory 
monuol  functfont  and  position  indication  (op- 
tionol)  to  tho  oporotor.  Mounting  of  840  con* 
trollors  of  locations  othor  thon  tho  front  of  tho 
ponol  mokos  grootor  ponol  oroo  ovoitablo 
for  itoms  which  oro  nocossory  thoro.  If  do- 
sirod,  tho  C-8S001  Hond-Auto  Station  may 
bo  locotod  on  sloping  ponols  or  bonch  beards, 
o  location  not  pormissibio  for  tho  840  con* 
trollor. 

Contreilors  of  the  840  sorios  which  may  bo 
usod  with  tho  C-8S00I  Hond-Auto  Station  in 
this  manner  oro  C-84I0S  Soguonco  Draft  Con* 
trollor,  C-84106  and  C-84107  Draft  Control* 
lors  and  tho  C-84d01  Electric  Positioning  Con* 
trollor. 


constmctian 

Tho  C-8S001  Hond-Auto  Station  incorporotos 
tho  conventional  two-position  hond-outo  switch 
with  saporoto  'open'  and  "close''  push  button 
switches.  Optional  is  on  electrical  indicator 
showing  tho  position  of  tho  power  unit  manip¬ 
ulated  by  tho  840  controller  and  tho  Hond- 
Auto  Station.  A  500  ohm  slidowiro  is  required 
on  tho  power  unit  to  oporota  tho  position 
indicator.  Energy  for  the  position  indicator 
circuit  is  supplied  by  o  small  stopdown  trons- 
formor  supplied  os  on  integral  port  of  tho 
Hond-Auto  Station.  Indicator  span  adjustmont 
is  occossiblo  from  the  front  of  tho  panel. 


FIGURE  7-5  HAYS-REPUBLIC  PNEUMATIC  MANUAL/AUTO  STATION 


7.1.2 


Air/ Fuel  Ratio  Relay 

Function 

The  air/fuel  ratio  relay  is  a  manual/auto  control  station  that 
provides  an  output  signal  which  is  proportional  to  the  input  signal  in 
the  automatic  mode. 

Theory  of  Operation 
0  Pneumatic  Systems 

A  typical  ratio  relay  station  uses  a  "seesaw"  type  beam 
arrangement  to  balance  the  output  signal  against  the  input  signal. 

The  input  pressure  acts  through  a  diaphragm  to  rotate  the  beam  in  one 
direction,  while  the  output  pressure  acts  through  a  diaphragm  to 
rotate  the  beam  in  the  opposite  direction.  The  beam  is  connected  to 
the  output  pressure  regulator  valve  such  that  movement  of  the  beam 
causes  either  an  increase  or  decrease  in  the  output  signal.  Air  for 
the  output  signal  is  furnished  by  a  constant  pressure  air  supply  to 
the  regulator  from  the  instrument  air  system. 

The  ratio  relay  station  may  be  operated  in  either  the  automatic  or 
manual  mode.  In  the  automatic  mode  of  operation,  the  output  signal  is 
always  directly  proportional  to  the  input  signal.  However,  the  ratio  of 
output  to  input  pressure  may  be  varied  by  a  manual  adjustment  which  changes 
the  location  of  the  fulcrum  under  the  balance  beam. 
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In  the  manual  mode  of  operation,  the  output  signal  is  totally 
independent  of  the  input  signal.  The  input  pressure  signal  is  blocked  by 

means  of  a  multiport  valve,  and  the  output  signal  is  controlled  by  the  same 

/ 

manual  adjustment  which  is  used  to  vary  the  output  pressure  ratio  during 
automatic  operation.  In  effect,  a  constant  pressure  signal  is  substituted 
for  the  input  pressure  signals,  and  the  operative  of  the  device  is 
otherwise  the  same  as  for  automatic  operation. 

As  with  standard  manual/auto  control  station,  the  ratio  relay  station 
must  be  capable  of  "bumpless"  transfer.  This  is  accomplished  in 
essentially  the  same  manner  as  was  described  for  the  manual/auto 
station.  (See  Section  7.1.1) 

0  Electric  Systems 

The  electronic  air/fuel  ratio  relay  functions  in  the  same  manner  as 
the  pneumatic  unit,  except  that  electronic  circuitry  is  used  in  lieu  of 
mechanical  components.  In  the  automatic  mode,  the  output  current  signal 
varies  from  the  input  signal  by  fixed  ratio  which  is  determined  by  the 
plant  operator.  In  the  manual  mode  of  operation  (if  available)  the  input 
signal  is  blocked  and  an  output  signal  is  generated  by  the  relay  unit. 

With  some  systems,  a  pure  manual  function  is  not  provided.  However,  the 
output  signal  can  be  varied  at  any  time  by  the  plant  operator  by  regulating 
the  bias  adjustment. 
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_ Hays-Republic _ 

model  845 : 01 B 
fuel-air  ratio  controller _ 

•  FAST,  EFFICIENT  ELECTRICAL  CONTROL  • 

•  MANUAL/ AVTOUATIC  CONTROL  STATION  •  LOW  LOAD  RATIO  ADWSTMENT  • 


APPIICATION  ThU  type  o(  controller  Im  mere! 

UM«  such  u:  Meintiuiin; 'll  e 
ratio  of  combuition  air  flow  to 
flow  of  fuel,  1 2)  a  proportioned  flow  of  two  giae*. 
a^  <3 1  an  eaubiished  differential  of  two  prctaurea. 
two  drafts,  a  pressure  and  a  draft,  or  one  flow  and 
either  a  pressure  or  a  draft. 

gpflATION  riaure  I  illustrates  use  of  the  con¬ 
troller  in  proportioning  one  flow 
to  another,  such  as  air  Aow  to  gas 
flow.  The  upper  differential  diaphragm  unit  is  con¬ 
nected  across  a  differential  desice  'orifice,  venturi, 
etc.  I  in  a  gas  pipe  or  duct.  The  flow  through  this  pipe 
is  automatically  or  manuallv  controlled  by  separate 
means  and  the  diflerentiai  produced  is  the  loading 
force  on  the  controller.  The  force  is  transmitted 
through  linkage  to  the  lower  differential  diaphragm 
which  is  connected  across  a  differential  installation  in 
an  air  line.  The  air  flow  differential  is  thus  balanced 
against  the  gas  flow  differential.  When  the  air  flow  is 
not  in  correct  proportion  to  gas  flow,  the  diaphragm 
moves  and  connecting  linkage  causes  the  armature  of 


the  pilot  device  to  close  the  contact  in  one  of  the  merc¬ 
ury  switches.  This  energiaes  the  power  unit  to  increase 
or  decrease  the  controlled  air  flow  until  the  correct 
proportion  of  gas  to  sir  is  esiablishesi. 

Model  315:04B  is  used  to  control  forced  draft  fan 
speed. 


Hguro  I 


FIGURE  7-6 


HAYS-REPUBLIC  PNEUMATIC  AIR/FUEL  RATIO  RELAY 


APPLICATION  t9S,02 

Th«  Medof  875:02  Rario  5«r  StaTten  li  uMd  to  rotio  ono 
procttt  voriobl*  M  onorHor  procMi  vorioblo.  Th«  v«r«o- 
rility  of  rti«  ratio  station  allowt  it  to  b«  oppliod  to  many 
oporafions.  in  meit  oppifcatforit  tho  lignoi  (N5  mo  d-c) 
horn  a  rranimittar  ii  fod  into  tho  rotiottotion*  This  iratra- 
moot  rofloets  rho  dotirod  ratio  and  bioi  into  its  output . 
Tho  395:02  itdoiipnodprimarily*  aithouphnot  •tciutivoiy. 
For  uM with  Hoyt  AAodois 354 ond 855  Univonol  Contralfart. 

A  typical  flow  trommittor  hoi  a  1-5  mo  d-c  output  ropro* 
sonting  0-109%  of  tho  tranonittor  ranpo*  Asiuming  rang# 
of  tho  tranonittor  to  bo  0  to  120  gpm,  a  30  gpm  flow  will 
bo  roproiontod  byo25%  output  signal  from  tho  troniwittor. 
If  tho  ratio  ii  lot  at  unity,  tho  output  of  tho  895:02  Rotto 
Sot  Station  will  bo  25%  or  2  mo  d-e.  Hmovot,  if  tho 
ratio  ii  lot  at  two,  tho  output  will  bo  50%  or  3  mo  d-o. 


Kluitratod  bolow  oro  twotypiool  opplicotioni  of  tho  Hoyt 
895:02.  In  tho  flat,  for  onamplo,  tho  ratio  stotion  ii 
controlling  tho  sot  point  of  a  Modol  855  controllor.  Ai 
tho  rato  of  flow  of  rhoprocoH  vorioblo  (^))  incrooMi* 
rho  lot  point  of  tho  contiollor  iiroodjuitodio  that  tho  rato 
of  flow  of  PV^  incroaioi  tno  proportion  dotorminod  by  tho 
ratio  dial  somng. 


« 


AAodol  895:08  RoHo  Sot  StoHon,  cufTont  output.  VotHcol  leoio 
iiidlcoiorihowiouipMi  of  tho  Stotion  in  porcont  of  mtol  lignol . 


-r - PTTTi 

""5 

aC - - - 

3,®: 

■  'B  ' 

Cl 

“I  fV7  >! 

1  Tho  moon  UlAriANSMiTTPlMMU  0  1*0101.  pm- 
yonimoi  m  n*#  rao  ot  PVt).  twowy  in 

Z  POwd  $um.Y  •  m  tho 

3  199:08  tAtlOSTAriON.fM0  0HtMi*iiMO0 wo 
totpohUtoiho 

*  Itf  CONTIOUBI. 

i  ThoZSIA  TUNSMinaMooMroBthofotoW  Flow  oiw 
Oio  cohfwilor  In  *v«o  oOlwm  <ho 

0  CONTIOl  VAiVt  lo  noiMOin  mo  Owiwo  Flow  *0*0. 

I  tio  iwoolZMAtlAWShOTTBI  mwo  liyoi  *h*owy 
in 

Z  POWd  SUPHY  *  to  mo 

3  999:08  UriOSTAriONuWiooiwOol 

4  999  CONTVOLLO  which  woiioolni  o  conuon*  roto 
»F  Flow  of  PVt  Of  oohNtlra  Ft** 

9  CONTVOl  VALYt. 

0  A  IMOO  nwooF  999  CONTHOLUII  *Mi  o  wooot 

7  Z98A  nUNSMimi  wW  o 

1  CONTROL  YALVf  *o  mointOH*  iho  roro  oF  PVj  pio* 
pottionoi  to  mo  liyol  FoO  Ftom  mo  rorio  ttotion  'nto 
mo  cowooo  eonnol  at  mo  eomroMor . 

*  *W>or  iwooFf  it  .itwoMf  Bonol  wowntoo. 


FIGURE  7-7  HAYS-REPUBLIC  ELECTRONIC  RATIO  RELAY 


Haiillleiyl  Babcock  &  Wilcox 


Product  Specification 
P61-1 


RATIO  CONTROLLER 


Automatically  mainiauis  a  preset  ratio  between  two  vari¬ 
able].  such  aa  fuel  and  air.  measured  in  terms  oi  pressures, 
drafts  or  differential  pressures. 


Features 

•  Maximum  power  at  low  pressures  and  drafts  provided  by 
large-area  diaphragm.  Bellows  used  for  pressures  above  75 
inches  H2O. 

•  Convenient  external  knob  and  vertical  scale  establish 
operating  ratio. 

•  Extemally-visible  gages  show  supply  and  control  signal 
pressures. 

•  Sensitivity  is  adjusuble  with  direct  or  reverse  action  setting. 


SPECIFICATIONS 

table  1 

lefot  Pritsire  Ranft 

See  Tanit  II 

Oetpet  Siteal  Raaft 

vooa  4:  w;  m 

MOOa  3:  3-IS  OSig. 

MrSuggly 

Regtiirieimts 

MODEL  A;  30  nif  recomnNindM:  35  (»i| 
fflwinum. 

MODEL  8;  18  osig  recornmendtd:  20  g$ig 

MaiMTium. 

Mr  CsaserngtiM 

0.4  cu.  it.  ptr  mtnutf  iivtrdgti. 

Seesitisity  Mjastmeet 

Ringd:  130  tQ  1.  dtrfct  ir  .’fvdrs*  setion. 

Vertical  Seale 

3lxk  figum  divisions  dn  Aluminum 

ddckground:  goreentdgt  scait  «ttti  -q  m 
bottom  ind  2cro  at  too. 

RccaeiMaiiead  Piping 

Prossure  draft,  or  differential  oressure  tdia- 
onragm  unit!:  h  <n  00  cooocr  ruOine  or  *• 

:n.  steel  oiot  for  uo  to  15  ft..  ’«  m.  00  coo* 
ger  tuoing  or  n  steel  o<ot  *or  -jg  ro 

100  ft.  Pressure  bellows  unit),  h  -n.  JO 
coooer  tuoing  or  i  «  m.  stett  otpe.  Control 
signal:  in.  00  cooper,  slmninum  or  oias* 

tic  tuOing. 

Eatamal  Canntetices 

See  Figure  j. 

Mounting 

Surface  or  oanei  see  Figure  33. 

Wfignt 

Net  34  lbs.,  sfiieoing  50  ibs. 

Construction 

Enclosure:  cressed  steel 

OieofiragM-  syntfieiic  njbter  on  nvion. 
Seiiows  for  ranges  ;i0  to  30  osigi  orass. 
Seilows  for  ranges  joove  30  gsigi;  302 
stainless  steel 

Enciosuro  Classilieation 

Gtniral  suroost. 

FIGURE  I  -  Ratio  ControUer.  TYPE  AB4I . 


STANDARD  TYPES  TABLE  II 

For  rongoB  vp  >0  diopfcrpgm  con  MMwrt  droH, 

proitvro.  or  difforotthol  pr«gMgr*r  meaMiwni  itotie  orotEvrot  10  PM.  F*r 
'onpM  boyond  75"H^.  bo><»w»  mwavro*  proMwr*  oni<r. 

Rear  Meosarint  Unit|  Pronf  Maasuriivg  Unit  I 
Range  limilt  Range  limits 


l9w«r 

1  UpF«r  1 

lowor 

1 

1  TYPE 

0 

75"H:0 

AB41UA 

0 

l0"H:O 

0 

1 0  psig 

ABancA 

0 

30  psig 

ABallTA 

0 

400  psig 

ABansA 

mm 

9 

75"H;0 

AB4114A 

30"H,O 

0 

0 

^0  psig 
30  psig 

AB4I26A 

AB4127A 

0 

400  psig 

AB4I2SA 

50"H:O 

0 

400  psig 

AB4I3aA 

i^^m 

0 

73"H  O 

AB4I74A 

30  psig 

0 

0 

10  psig 

30  psig 

AB4176A 

AB4I77A 

0 

400  psig 

AB4178A 

400  psig 

0 

400  psig 

AB4I38A 

••t<«v  Mofor  CatMppry.  !  Mt 


FIGURE  7-8  BAILEY  PNEUMATIC  RATIO  RELAY 


iBaiiiHeyi  Babcock  &  Wilcox 


Product  Specification 
E91-715 


BAILEY  7000  RATIO  STATION 

Type  715 

Function 


Tlie  Type  ~I5  Ratio  Station  is  used  to  multiply  an  input 
signal  by  a  manually  adjusted  I'actor  to  produce  an  output 
signal  tliat  is  at  the  set  ratio  to  the  input. 

T1\e  output  of  ihe  station  can  be  used  to  adjust  the 
cascade  set  point  ot'  a  controller,  maintaining  a  desired  ratio 
between  two  process  varubles. 

Application 

In  ratio  control.  Figure  1.  of  a  controlled  variable  Itlow 
to  an  uncontrolled  varuble  (tlow  B)  the  measurement 
signal  from  tlow  B  is  applied  to  the  input  of  the  ratio  sution. 

Tile  ratio  station  multiples  this  signal  by  an  adjustable 
factor,  preset  on  the  set  point  scale,  and  transmits  the  output 
as  a  set  point  (cascade  input)  signal  to  the  How  controller. 

The  t1ow  controller  continuously  regulates  tlow  A  in 
proportion  to  (low  B  at  the  ratio  setting.  The  signals  of  both 
flows  in  the  example  have  a  squared  relationship  to  How  rate. 

If  one  was  squared,  i.e..  (differential  pressure)  and  the 
other  linear  (magnetic  tlow  meter),  it  would  be  necessary  to 
linearize  the  squared  signal  with  a  Type  750  Square  Root 
E.xtractor. 

For  applications  where  it  is  desirable  to  luve  the  sution 
output  biased  so  that  the  output  wtll  be  above  the  minimum 
( I  volt  or  4mal  even  though  the  input  is  reduced  to  the 
minimum  value  of  its  range,  the  ratio  station  lus  a  citcuii 
board  adjustmeni  that  makes  it  easy  to  bias  the  output  so  it 
never  falls  below  some  desired  value  (0-50%)  of  output  span 
even  though  the  station  input  falls  to  zero  percent. 

Operation 

The  input  meter  indicates  the  input  m  percent  betbre 
niioing.  The  signal  then  goes  to  the  set  point  slidewire  and 
gain  amplifier  which  subtracts  the  I  volt  live  zero  and 
multiplies  the  remaining  signal  by  the  (actor  set  on  the  set 
point  scale.  .An  output  bias  is  added  to  the  ratioed  signal, 
available  at  the  station  output  as  a  1-5  volt  andror  a-COma 
signal. 

FMturai 

•  Input  and  output  meters  for  visual  companson  of  ratio. 

•  High  accuracy  ratio  set  point  on  a  a.mch  scale. 

•  Adjustable  output  bias. 

•  Both  4-20ma  and  I  ■5v  output. 

•  Wide  or  narrow  ratio  spans,  linear  or  square  root 

•  Input.output  test  jacks. 

•  DC  to  DC  power  supply  isolation. 


RATIO  STATION 


FULL  SIZE 

FIGURE  1  •  Type  *15  Ratio  Station. 


Optional  Fnaturas 

•  Indicating  lights  ■  operated  from  external  conacts. 

•  I -Hertz  filter  ■  for  exceptionally  noisy  processes. 

®  Bsiiev  Mettv  Comoinv  '97* 


FIGURE  7-9  BAILEY  ELECTRONIC  RATIO  RELAY 


7.1.3 


Master  Pressure  Controller 


Function 

The  master  pressure  controller  compares  the  steam  header  pressure 
with  the  desired  set  point  and  produces  an  output  signal  which  is  a 
function  of  the  deviation  (error)  between  the  header  pressure  and  the 
set  point. 

Theory  of  Operation 
0  Pneumatic  Systems 

The  master  pressure  controller  uses  a  lever  and  fulcrum  arrangement  to 
balance  output  signal  pressure  against  steam  header  pressure.  (If  a 
pressure  transmitter  is  included  in  the  control  system,  the  input  to  the 
master  pressure  controller  will  be  a  pneumatic  signal.  Some  units  can 
utilize  steam  header  pressure  directly  as  the  input  signal.)  The  steam 
header  pressure  acts,  through  a  sealed  bellows,  to  rotate  the  lever  in  one 
direction,  while  the  output  pressure  acts  through  a  bellows  to  rotate  the 
lever  in  the  opposite  direction.  The  lever  is  connected  to  the  output 
pressure  regulator  which  in  turn  controls  the  output  pressure  signal. 
Therefore,  displacement  of  the  lever  causes  either  an  increase  or  decrease 
in  the  output  pressure  signal  which  tends  to  restore  the  lever  back  to  its 
original  position.  Air  for  the  output  pressure  signal  is  furnished  by  a 
constant  pressure  air  supply  to  the  controller  from  the  instrument  air 
system. 


0  Electronic  Systems 

A  typical  electronic  master  pressure  controller  utilizes  a 
magnetic  amplifier  which  sums  the  various  input  signals  and  determines 
the  magnitude  of  the  error  signal.  This  error  signal  is  then 
amplified  and  transmitted  as  an  output  signal. 

A  feedback  loop  is  provided  from  the  controller  output  back  to 
the  input.  The  purpose  of  this  feedback  loop  is  to  adjust  the  output 
signal  so  that  the  most  desirable  response  to  a  given  error  signal  will 
result.  The  feedback  loop  typically  contains  proportional,  reset 
(integral),  and  rate  (derivative)  functions.  The  proportional  function 
provides  an  output  that  is  directly  proportional  to  the  magnitude  of  the 
error  signal;  the  reset  function  provides  an  output  that  is  proportional  to 
the  integral  of  the  error  signal;  and  the  rate  function  provides  an 
output  that  is  proportional  to  the  rate  of  change  of  the  error  signal. 

By  summing  the  input  signal  and  the  various  feedback  function  signals 
and  comparing  them  to  the  set  point,  the  master  pressure  controller 
produces  an  output  signal  that  tends  to  return  the  steam  pressure  to 
the  desired  set  point  with  a  minimum  of  pressure  swings. 


flD-ni24  868 


UNCLASSIFIED 


BOILER  CONTROL  SVSTENS  THEORV  OP  OPERATION  NANUAL(U> 
ULTRASVSTENS  INC  IRVINE  CA  FEB  83  NCEL-CR-83.  813 
N62474-81-C-9388 

.  F/0  13/1 


Hays-Republic 


model  841 :02B 
master  pressure  controller 


•  MANUAL/ AUTOUAVC  CONTROL  STAVONt  FAST,  EFFiaENT  ELECTRICAL  CONTROL* 
•  ADJUSTABLE  SET  POINT*  METALUC  BELLOWS  MEASURING  ELEMENT* 

*  FOR  PRESSURES  TO  300  PSIQ  * 


AffUCATION  :<’2B  Muter  Coniroiler  is 

s  primary  cnntrolling  unit  o(  the 
Hays  electric  Cumbustion  Contiol  jysiem.  it  responds 
to  change  in  steam  pressure  and  adjuals  the  rale  of 
fuel  or  air  supply  accordingly  in  order  to  maintain 
uniform  steam  preuure.  It  maintains  a  uniform  pres¬ 
sure  over  the  entire  range  of  boiler  operation.  This 
controller  is  used  with  pressures  to  and  including  300 


OPfRATION  341  controller  directly 

refniUtee  the  rate  of  fuel  and  air 
supply  through  an  integrally  mounted  master  motor. 
This  power  unit  is  connecterJ  throush  linkage  to  tlw 
fuel  and  air  controllers.  This  power  unit  can  also  ad* 
just  sending  polenlioinetvrs  for  remotely  mounted  er^n^ 
(rollers,  iee  Figure  I. 


A  change  in  the  T>(ram  heuilor  pressure  <due  to  an 
increaae  or  Heerrase  in  steam  (low  i  acts  on  the  metallic 
bellows  causing  eixuaii  to  be  itiaili*  i'*  one  i»f  the  iiier* 
cury  switches,  line  energizes  the  muster  motor  which 
loads  i»ther  ci»nlri>ll«*rs  through  linkage  or  sending  po* 
Ifiitiomvters.  Fuel  and  \ir  (itmirfilltTs  then  change  the 
fuel  flow  and  air  flow  to  bring  the  »team  pressure  back 
to  (he  set  point. 

The  foilow'up  linkage  shown  is  connected  to  the  mas¬ 
ter  motor  on  the  rear  of  the  controller  bv  means  of  a 
shaft.  This  shaft  extends  to  the  inside  of  the  case  and 
is  connected  to  the  magnet  bar.  Movement  of  the  lever 
breaks  the  contact  in  (he  mercury  switch,  stopping  the 
power  unit.  No  further  change  takes  place  until  the 
steam  header  pressure  again  varies. 

One  Master  Contrnller  of  this  tvpe  and  one  power 
unit  can  control  the  rale  of  fuel  and  air  to  seseral  steam 
generators  providing  they  all  deliver  steam  to  the  same 
header. 


FIGURE 


HAYS-REPUBLIC  PNEUMATIC  MASTER  PRESSURE  CONTROLLER 


7.2 


Feedwater  Controls 


a 


« 


7.2.1  Feedwater  Controller  (Electric  and  Pneumatic) 

Function 

The  feedwater  controller  regulates  water  flow  to  the  steam  drum 
in  accordance  with  (1)  drum  level,  or,  (2)  drum  level  and  steam  flow 
or  pressure  requirements. 

Theory  of  Operation 
0  Single-Element  Controller 

The  single  element  feedwater  controller  has  only  one  process  variable 
input  signal,  which  is  drum  level.  This  signal  may  be  provided  by  a  level 
transmitter,  or  if  the  controller  is  so  equipped,  from  a  level  sensing 
device  integral  to  the  controller.  The  controller  then  transmits  an  output 
signal  which  is  proportional  to  the  deviation  of  the  input  signal  from  the 
set  point  valve. 

The  controller  may  either  electronic  or  pneumatic.  The  pneumatic 
controllers  operate  in  similar  fashion  to  a  pneumatic  master  pressure 
controllers.  The  input  signal  is  mechanically  balanced  against  a  beam 
and/or  spring  mechanism.  The  force  opposing  the  input  signal  is  provided 
by  the  existing  output  signal  and  the  set  point  spring  selected  by  the 
operator.  When  the  input  signal  force  overcomes  the  set  point  force,  the 
resulting  displacement  of  the  beam  or  diaphragm  causes  an  output  signal 
pressure  control  valve  to  open  and  increase  the  output  pressure  signal.  If 
the  input  signal  is  less  than  the  set  point,  then  the  resulting 
displacement  opens  a  vent  valve  which  bleeds  air  from  the  output  signal 
piping. 


Electronic  feedwater  controllers  operate  in  a  similar  fashion  to 
pneumatic  controllers  except  that  electronic  signals  and  circuitry  are 
used  to  compare  the  input  signal  to  the  set  point  signal,  and  an 
output  signal  is  generated  which  is  proportional  to  the  deviation. 

0  Two-Element  Controller 

The  two  element  controller  uses  two  process  variable  input 
signals  to  produce  the  desired  output  signal.  One  input  signal  is 
provided  from  a  steam  flow  transmitter  and  the  other  from  a  drum  level 
transmitter.  The  controller  compares  the  steam  flow  rate  signal  with 
the  existing  output  signal  (to  the  feedwater  control  valve)  and 
continuously  drives  the  feedwater  valve  to  a  position  that  is  directly 
proportional  to  steam  flow.  At  the  same  time,  the  controller  compares 
the  drum  level  input  signal  with  the  set  point  value  and  produces  an 
output  signal  proportional  to  the  deviation.  This  output  signal  is 
used  to  adjust  the  output  signal  to  the  feedwater  control  valve. 

Two-element  controllers  may  be  either  pneumatic  or  electronic. 

The  principles  which  govern  their  operation  are  very  similar  to  the 
principles  governing  single-element  controllers. 

0  Three-Element  Controller 

Three-element  feedwater  controllers  use  three  process  variable 
input  signals  to  produce  the  desired  output  signal.  Functionally  they 
are  the  same  as  two-element  controllers,  except  that  a  feedback  signal 
from  feedwater  flow  transmitter  is  included  with  drum  level  and  steam 
flow  input  signals.  The  drum  level  and  steam  flow  inputs  are  used  in 


the  same  fashion  as  with  a  two>e1ement  controller  to  produce  an  output 
signal  to  the  feedwater  control  valve.  The  feedwater  flow  signal 
provides  metered  control  of  the  feedwater  valve  so  that  the  flow  will 
match  the  value  determined  by  the  drum  level  and  steam  flow  Inputs. 

Although  three-element  controllers  provide  precise  control  of 
feedwater  flow,  they  are  seldom  used  on  small  Industrial  boilers 
unless  severe  operating  conditions  exist.  For  most  applications,  the 
additional  cost  and  complexity  cannot  be  justified. 


Hays^Republic 


model  C-00856 
feedwater  controller  systems 


Mechanical  Feedwater  Regulator 

Function 

The  function  of  a  mechanical  feedwater  regulator  is  to 
automatically  control  the  flow  of  feedwater  into  the  boiler  drum  in 
order  to  maintain  the  appropriate  drum  water  level. 

Theory  of  Operation 

Numerous  types  of  mechanical  feedwater  regulators  are  available. 
Two  of  the  most  common  are  the  thermostatic  expansion  tube  type  and 
the  thermo-hydraulic  type.  The  thermo-hydraulic  type  uses  the 
expansion  of  a  liquid  in  an  enclosed  space  to  position  the  feedwater 
valve.  The  amount  of  expansion  which  takes  place  is  dependent  upon 
the  drum  level.  The  expansion  tube  type  uses  the  expansion  and 
contraction  of  a  metal  tube  filled  drum  water  to  position  the 
feedwater  valve  via  a  mechanical  linkage.  The  operational  theory  of 
each  of  these  devices  is  discussed  in  detail  in  Section  5.5. 
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Bailey  Control  Systems 


Product  Specification 
M8S-1 


THERMO-HYDRAULIC  FEEDWATER  REGUUTOR 


Providn  ■  (impla  aad  effaetiT*  meaa*  of  eoatrall- 
iai  boiler  faedwaiar.  For  boilcia  oporaliaf  at  raiat 
ol  tiaam  libaraiioa  aadar  1300  eu.  ft.  par  hr.  par 
•q.  ft.  of  libaratiaf  araa  at  tba  water  leirel  ia  tba 
draaa.  For  hiphar  tataa  of  eaaporalioa.  eoaauU  Salaa 
Dapartmaau  Bailor  Malar  CoBpaajr.  for  •pecilie  food- 
water  eoatrol  reeommaadatioaa. 


•  Oalp  two  boiler  aaaaaetiaaa  rtqalred.  Gaaarator 
■oaau  with  aiaadaid  terawad  or  flaagad  eo 

#  No  caaaaetiap  Bakaga  aaadad.  Flaaibla 
tabiag  ia  aaljr  eoaaaetioa  balwaaa  geaaralor  aad 
lagalaiiag  ralva.  to  ragalaliag  rabra  eaa  be  toaMtaly 
■aaatad.  No  otractaral  or  pipiag  ebaagot  aaeaaaary. 


noun  I  ^Tbiraia  Wydtaallc  taodowtar  lagalatar.  TVFI  VIMI1. 
Froooaro  iifbt,  all  ata^  i yotam  taataioo  water  far  oparetlao,  naad* 
ao  aataraai  paarar. 


#  Eaoiljr  opentad.  paaltlra  bypaaa  otaadard.  Rega- 
laiiag  ralva  iaclodaa  bypaoa  iarar  aa  ttaadard 
aqaipoMai. 

#  Balaacad  ralaa  trial  aiaiaiiaai  frietloa  aad  ribra- 
Uoa.  Foreac  of  the  iacoaiiag  faedwaiar  laad  to  bal* 
aaca  tbaatalreo  agaiaot  the  two  diaeo. 

#  Uailorai  flow  eoalrol  aaaarad.  Straight-liaa  flow 
eharactaritlic  of  raira  aoaarat  aaifona  flow  eoatrol 
over  eatiia  oparaliag  raage. 

#  No  pipiag  ehaagaa  raqairad.  Ragalaliag  valva  eaa 
be  iatlallad  above  or  below  boiler  water  level  ia 
boriaoalal  or  vortical  faadllaa.  Staadard  flaagad  aad 
terawad  eoaaaetiooa  available. 

#  Sarvieiag  aiaipllfiad.  Valve  trial  eaa  be  reaiovcd 
withoat  remaviag  valve  body  froai  liaa  or  tapwork 
froa  valve. 


FIGURE  7-12  BAILEY  THERMO-HYDRAULIC  FEEDWATER  REGULATOR 


7.2.3 


Drum  Level  Transmitter 


i\  • 


Function 

The  function  of  the  drum  level  transmitter  is  to  measure  the  drum 
water  level  and  transmit  an  output  control  signal  which  varies  in 
accordance  with  the  level. 

Theory  of  Operation 

Drum  level  transmitters  are  generally  either  the  float  type  or 
the  differential  pressure  type.  Either  type  may  be  used  to  transmit  a 
pneumatic  signal  or  an  electronic  signal. 

Float  type  level  transmitters  measure  liquid  level  with  a  float 
mechanism  that  rests  on  the  surface  of  the  liquid  in  an  enclosed 
chamber.  This  chamber  is  located  along  side  the  drum  and  has  oiping 
connections  to  the  drum  above  and  below  the  water  level.  The  water 
level  in  the  chamber  therefore  is  the  same  as  the  water  level  in  the 
drum. 

The  float  is  connected  either  to  a  pneumatic  control  valve 
mechanism  or  electronic  signal  amplifier  which  in  turn  generates  the 
output  signal.  In  either  case,  the  displacement  of  the  float 
determines  the  magnitude  of  the  output  signal. 

Differential  pressure  type  transmitters  determine  drum  water 
level  by  the  measuring  difference  in  pressure  between  the  steam  in  the 
space  above  the  water  surface  and  a  reference  point  below  the  surface. 
Thus  the  higher  the  water  level,  the  greater  the  differential 
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pressure.  This  differential  pressure  is  used  to  create  a  linear 
displacement  of  a  bellows  (or  other  expanding  chamber  device)  by 
increasing  or  decreasing  the  pressure  inside  the  bellows  with  respect 
to  the  outside.  This  linear  displacement  is  in  turn  converted  into  a 
pneumatic  or  electronic  control  signal  in  the  same  manner  as  the  float 
type  transmitter. 
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8a|il^  Babcock  &  Wilcox 


Product  Specification 
G31-4 


MINhUNE*  LEVEL  TRANSMIHERS 


Tranamic  meaauiwfiMnta  of  li<{uid  levei  in  preMurp 
veaaela  to  imlicating.  rerorfling.  and  or  controlling 
equipment  at  remote  atationa.  Trammitter  <Urectly 
inilk*alea  level.  Available  for  uae  in  electric  or  pneu* 
matic  tranamioMOA  or  control  ayatema. 

APPUCATION 

for  the  meaauremeni  of  boiler  drum  level  or  (iqttiii 
level  in  preaaure  veaaela  over  atamUnl  range  .<patia 
from  1.  in.  fl^O  to  400  in.  IM)  at  maximum  service 
preaaurea  to  8<NI.  1500,  and  J500  paig.  iee  figurea  1. 
2.  and  3.  See  Product  Spertlicalion  ^1*6  for  .Uf.Vf* 
LIME  Level  Tranamittera  utilising  torque  tube 
meaauhng  mechaniam.  TYPE  LDI3. 


FEATURES 

Indkatm  LnvW  o#  Pomf  oi  Mnoturamnnf.  Pro- 
videa  a  quick  check  of  aystem  performance  and  per> 
mita  checking  tranamitting  ayatem  without  alTecting 
meaauring  mechaniam. 

OnCTMMS  WotfafiOA  Coilt.  Cuts  installation 
costa  by  minimizing  length  of  high  preMure  piping 
required. 

/VomofM  Sohfy*  Output  signal  is  carried  to  con¬ 
trol  room  in  place  of  high  pressure  piping. 

Slocking  oiF  Spam  Pn^  Fewer  spares 
required  since  components  and  parts  are  comimm  to 
other  Bailey  equipment. 

CaEhfqfioiiUiwrffncfa^byCqiaAlotfirftngLTrana- 
matter  merhaniam  is  securely  attached  to  measuring 
mechanism.  Casa  selves  aa  enclosure  only. 


nOUR1 1  ^Mofcury  U-fubo  monaur- 
ing  mochnniam  for  sfondord  lovol 
rongo  tpona  from  15  in.  HtO  to  400 
In.  HiO.  Lovol  TronamBtor: 

TYPf  IU12  for  olocfrle  tronamlaalon; 
TYPf  IU13  for  pnowmoMc  tronamia- 
slon. 


U.S.  rot.  00. 


nOUM  3— ioflowa  mootwring  modi* 
onlam  for  tfondord  lovol  rongo 
spona  from  13  in.  HyO  to  311  in. 
HtO.  40HI  UNt  lovol  Trontmittor: 
TYPf  UI13  h»r  aJocfric  tronamlaaion; 
TYPi  IK  13  for  pnoumotlc  from- 
mlaaion. 


PICUKI  3^Morcury*toolod  boll 
mootwring  mochontam  for  sfondord 
lovol  rongo  spona  from  13  in.  HiO 
to  70  in.  HtO.  MINI-UHS  Uvol  Tronf 
mitfor  TYPf  IH13  for  eloctrtc  troni* 
mission;  TYPI  IH13  for  pnoumoHc 
fronamisston. 


FIGURE  7-14  BAILEY  LEVEL  TRANSMITTERS 


7.2.4 


Flow  Transmitter 


Function 

A  Flow  transmitter  measures  steam  or  feedwater  flow  and  transmit 
a  control  signal  which  varies  with  flow. 

Theory  of  Operation 

A  variety  of  different  flow  measuring  devices  are  available,  but 
most  of  those  furnished  with  small  industrial  boiler  systems  are  the 
differential  pressure  type.  These  transmitters  measure  the  pressure 
drop  of  the  flowing  fluid  across  an  orifice,  flow  nozzle,  or  other 
such  restriction-type  flow  element  in  the  fluid  pipe  line.  The 
difference  in  pressure  upstream  and  downstream  of  the  flow  element  is 
then  used  to  create  a  linear  displacement  of  a  bellows,  bourdon  tube, 
or  other  similar  device.  The  bellows  or  bourdon  tube  is  connected  to 
a  pneumatic  control  valve  mechanism  or  to  an  electronic  signal 
amplifier  which  produces  an  output  signal  based  on  displacement. 

One  of  the  drawbacks  of  differential  pressure  type  flow 
transmitters  is  that  the  output  signal  varies  linearly  with  the 
differential  pressure  and  not  with  flow.  This  is  inherent  in  the 
design  of  the  device,  since  pressure  drop  through  an  orifice  varies  as 
the  square  of  the  flow.  (Conversely,  the  flow  varies  as  the  square 
root  of  the  pressure  drop.)  Therefore,  it  is  often  necessary  to  add 
an  additional  control  component  known  as  a  "square  root  extractor"  to 
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an  output  signal  which  has  a 
t  of  the  input.  The  output  signal 
us  varies  linearly  with  the  measured 
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Product  Specification 
G22-8 


MINI-LINE*  FLOW  TRAWSMITTERS 


Traiumii  rate  ol  flow  niruurriuentt  to  indicat- 
ing.  recording,  intcgratingi.  and/or  controlling 
equipment  at  remote  locationa.  Traiumittcr  direct¬ 
ly  indicate*  rate  of  flow  on  a  uniformly-graduated 
scale,  .\vailahle  for  uae  in  electric  or  pneumatic 
traiumiHion  or  control  ivstenM. 

APPUCATION 

For  rate  of  flow  nieaeuremenU  of  steam,  water 
and  other  liquids,  air.  and  gases  which  produce 
standard  diflerentials  across  primary  elements  from 
in.  to  0-212  in.  H-U  at  maximum  service 
pressure*  to  30.  300.  800.  3300,  and  6000  psig.  See 
Figure*  1,  2,  3,  and  4. 

FEATURES 

liutitaf*  flew  at  faint  af  Maasuramant. 
Provide*  a  quick  cheek  of  system  performance 
and  permits  checking  transmitting  system  without 
affecting  measuring  mechanism. 


noun  I— Urge  oil  unfed  ball  wHh  pambsdk  dis. 
pincar  manauring  mochnnism  far  itnndnrd  mtigot 
af  0-3  in.  H,0  ar  0-4  in.  HsO.  Uiad  far  maatufamont 
af  air  ae  gas  flaw,  lailay  MIMt-UMI  Haw  Transmit- 
tars;  TYPI  COI3  far  slsctric  transmisslani  TTPt 
COI3  far  pnaiimntis  traitsmiisiaw. 


i  A 


noun  3-Marcurr-saalad  ball  with  paraballs  dis- 
piacar  maasaring  mashanism  far  standard  rangas 
af  0-13.33  in.  HtO  far  staam  and  liquids  and  0-14.3 
in.  HtO  far  gsnas.  lailay  MINI-UNI  Now  Transmit¬ 
ters:  TYPf  CHI3  far  alactris  transmissiani  TYH  CHI3 
far  pnaumatic  transmissian. 

■  Irs-  U.4.  'w.  OH. 


Trantmilt  a  Signal  Oiractfy  Prapartianal  ta 
fata  of  flaw.  Use*  receiver  with  uniformly- 
graduatesi  chart  or  scale.  Eliminates  the  need  for 
square  root  extractors  or  rliararterixers. 

OaeraosM  Initallatian  Costs.  Cuts  installa¬ 
tion  costs  l»y  minimizing  length  of  liigli  pressure 
piping  required. 

Promofas  Safety,  l>utput  signal  is  carried  to 
control  room  in  place  of  high  pressure  piping. 

Simpliflat  Slacking  af  Spare  Ports.  Fewer 
spares  required  since  component  parts  are  common 
to  other  Bailey  equipment. 

Calibration  Unaffected  by  Case  Mounting. 
Transmitter  mechanism  is  securely  attached  to 
measuring  mechanism.  Case  serves  at  enclosure 
ooljr. 


F10UU  3-Oil-tealad  boll  with  parabolic  diiplocor 
mooaaring  mochoniim  for  standatd  rongo  et  0-1 
in.  H|0.  Utod  for  moaauromont  of  air  or  got  flow, 
lailoy  MINI-UNI  New  TranamHtort:  TYPf  CA13  for 
aloctric  tranamiaiioo;  TTPf  CAI3  for  pnoumotic 
Irantmiisjon. 


nOUM  4— lodova  boll  moomring  mochonltm  for 
standard  rangot  from  0-33  in.  HsO  to  0-313  in. 
HsO.  Utod  for  mooturomonl  of  gat,  ttoam,  or  liquid 
flow,  lailoy  MINI-UNI  Wow  Trantmittorg:  TYPI 
CC13  for  oloftric  trontmittion;  TYPI  CC13  for  pnott- 
motic  trontmittion. 


FIGURE  7*15  BAILEY  FLOW  TRANSMITTERS 
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FLOW  TRANSMITTER 


Pneumatic  Square  Root  Extractor 


Extract*  llie  M{uare  root  of  <lifferenliat  pre^^ure  mea* 
^urcniml*  lo  proiluce  a  pneumatic  Aijcnei  proportional  to 
rate  of  Sow:  (ran^miu  to  indicacifia,  rccor«lmtf.  intexrat* 
inj:,  and  or  ronirollinit  equipment  at  remote  ^latumt. 


For  tile  Rieaeurement  ami  tran»miMion  of  rate  of  ilow 
of  liquid*  and  ;:a«e«  protluein^  ftcandarcl  diaerencial 
preMure  raniie*  from  U*.>0  to  U*1200  in.  H^O  under  ^er^ 
vice  (*rc!M<ire«  to  tUMM)  ffnifg. 

Faotum 


•  FLEXIBLE  IS  APPLICATIO.N.  Wide  choice  of  dif¬ 
ferential  pressure  ranses  from  0-50  to  ()-l200  in.  H-^O. 

•  HIGH  SENSITIVm*  AXD  URGE  CAPACITY. 
Scmiiive  tMine,  notsU,  and  Oooater  aMemhlv  provide 
rei*(KinM.*  and  capacity  nccesaary  for  faai.  accurate  tran«- 
iiiiik«ion. 

•  FLLL  CO.NTROL  RA-NGEABIUTY’.  By  extracting 
the  -<|uare  root  runction,  the  Bailey  Flow  Tranamitter 
aive*  full  control  ranxeability  to  differential  preMure 
iiieasurimc  inatrunieni*. 

•  FLOW  I.NDfCATIiXN  AT  TRANSMITTER.  <^ick 
check  of  traotmicicr  performance  provided  hy  indica¬ 
tion  at  poiffi  of  tranamiaaion  of  pneumatic  aianai  cor- 
re»|»ondinx  to  rale  of  flow. 

•  SIMPLIFIES  STOCKING  OF  SPARE  PARTS.  Fewer 
-pare  partr  rerfuirefl  aince  component  part*  are  common 
to  Ollier  Bailey  Traiumitier*. 

Qwotati«n/Or<l«riii9  Infonnatton 

For  .  iiiioi.iion  and  «liippins  <U«  or  to  place  an 
order.  plra<e  •iipply  the  follovrinii  data: 

TYPl: _ (ia«  Tnbto  II) 

or  AppHcorMfi:  _ 

Roiitai  _ '^lO 

Sorvico  Protaura:  _ paly 

MOOIl:  ~  R  13*1  S  paig  TranamHtar  Rnnga); 

~  A  (3.27  palg  TrantmltMr  Rang*). 


PIGURI  I— Rallowa  flaw  IraiMminar  far  1300  and 
3300  paig  larvica  pratauraa.  TYPt  CRIonPA. 
Uaad  «^ara  gtiMi  raapanaa  la  ragvirad  and  whara 
no  martvry  it  patmiltad. 


FICURC  3  Marcurv  U*Tuba  flaw  tronimlttar  far 
300,  3300,  and  6000  paig  tonrica  pratauraa,  TYPt 
CU16I3;_A.  Utad  an  applicafioni  whara  thora  ora 
pulioHant  in  prattura  (inortla  of  tha  martury 
damponi  lurgat  in  pratsural. 


FIGURE  7-16  BAILEY  FLOW  TRANSMITTERS  WITH  SQUARE  ROOT  EXTRACTION 
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SQUARE  ROOT  CONVERTER 


Extract!  the  tquare  root  ot  nonlinear  pneomatie 
liltnala  from  flow  differential  preMuie  craoimitcen: 
producea  a  pneumatic  >i|tnal  directly  proportional 
to  rate  of  flow. 


Application 

For  convertina  nonlinear  pneumatic  flow  tipnala 
to  linear  pneumatic  output  tipnali  for  indicating, 
recording,  and/ or  control  purpoaea. 

Footuroc 

•  .4DOS  CONTROL  RANGEABILITY.  By  ex- 
Iracting  square  raot  functioa.  the  Bailey  Squaro 
Root  Converter  givea  full  control  rangeadiility  to 
diiferential  preaaure  tranamittera. 

•  PROVIDES  FLOtr  INDICATION.  Quick 
check  of  tranamilter  performance  provided  by  in* 
dication  of  pneumatic  output  signal  correapooding 
to  rale  of  flw. 

•  FLEXIBLE  APPUCATION.  Receives  pnen. 
matie  signals  over  3>1S  or  3*27  psig  rangca;  tnu» 
miu  pneumatic  signals  over  3*1$  or  3*27  paig.  .Any 
combination  permissible. 

•  HIGH  SENSITIVITY  .AND  LARGE  CAP.AC- 
ITY.  Sensitive  venc,  noaale.  <md  bootsar  aasembly 
provides  response  and  capacity  necessary  for  fast, 
accurate  transmission. 


nOURi  1->Tho  Iniley  Square  Rent  Convertor,  TYft 
KCUIOA. 
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FIGURE  7-17  BAILEY  PNEUMATIC  SQUARE  ROOT  EXTRACTOR 


Flame  Safety  Systems 
Flame  Scanner 

Function 

The  function  of  a  flame  scanner  is  to  determine  if  a  burner  or 
igniter  flame  is  present. 

Theory  of  Operation 

Flame  scanners  are  available  which  detect  either  infrared  or 
ultraviolet  radiation,  but  the  ultraviolet  (UV)  detectors  are  by  far 
the  most  common.  UV  scanners  generally  use  a  silicon  detector  which 
is  sensitive  to  the  ultraviolet  light  which  is  given  off  during  the 
combustion  process.  Infrared  or  "flicker"  scanners  measure  the 
fluctuations  that  occur  in  infrared  radiation  during  the  normal 
combustion  process  to  determine  if  a  flame  is  present. 

Most  flame  scanners  are  equipped  with  a  self-checking  feature 
which  verifies  they  are  operating  properly.  A  shutter  is  usually 
provided  which  temporarily  blocks  the  scanner's  view  of  the  furnace. 
If  a  "flame-off"  signal  is  not  received  during  this  period,  the 
scanner  is  determined  to  be  defective. 


INSTRUCTIONS 


Miimeapolis  -  Honeywell 
Regulator  Company 


•n  •  TONWO  M.  OMIMM 


GENERAL  DESCRIPTIOr 


n*  cnUA  la  ■■  ■ItwWolt  a— ittw  flaa*  da- 
tor  rkitpoil  (or  oaa  with  nedfleaUoa-typa  fTiaio 


KATURfS 


AU-fUkMI.All-BUaHII  AaniCATtON 

Tko  CTOUA  dataeta  lAa  attxsrlalat  ndiatiaataat 
la  pnaaat  la  all  llaaMa.  S  araa  daMeta  aiaeme 
apaifea.  Coaanitofly,  It  eaa  ba  oaad  la  aapamaa 
pa-Oiod,  att-ttia^  or  rniQhlaotlna  (foa-all)  todoa 
trial  baiaara. 


UlTtAVIOlIT  SINliriVI  ONLY 

Tha  CTCUA  dalaela  oaly  oUrarlalat  nrtiattc  B 
la  aal  ictMtail  br  lha  ladtadaa  ol  a  bat  rattactarr. 


RAMD  KAMI  IMrONSI 
Tha  flaiaa  raapaaaalUM  at  Iba  CTOUA  la  iaaa  ibaa 
4. 1  of  a  aaeoad.  na  ayataai  raapoaaa  ttaaa  dapaida 
oa  ibaflaaH  aaCataard  ralaf  wUbubleb  tba  CYDtU  la 


ifouwrnw  mAW!  cc 

black  adapter  thiaadi 


oMaauaa  Saal-oir  tad  boat- 
I  ta  (It  S/d”  pipa. 


OUST-nOHT,  ANOOIZtO  AlUMINUM  COVR 
Cater  kaapa  paita  elaaa  aad  la  raalataat  ta  a 


!  odMpEor  (Or 


rtakaapUffe 


INTIMAl  MIAT  MOCK 

Bmi  Uosk  to  tofto  tfee  wtH 
Upb  tanparataie  appIlcaMaaa.  No  < 
or  ardarlap  of  paita  la  atadad. 


INTfORAl  SiAl  OrV 

Seal  off  la  alaa  ballt  lata 
ttatpaTatara  laaaa  Iiob  tha  t 


lAST  MOUNTINO  AND  tfJNOVAl 

CanMaattoa  adapter  parailta  atatpia,  aaap  ra- 
taatal  of  tha  dataetor.  la  additlaa,  tha  eaaa  eaa  ba 
roiatad  380*  oa  tha  adaptor. 

SPECIFICATIONS _ 

MOOKL:  CYQIZA  Dltia-Vlataa  llaata  Dataetor. 

ELKCTKICAI.  RATtMOB  130,  208,  or  3M  aotta; 
00/80  CTelaa. 

APFROVAl,  BODIES;  Tba  CTOUA  la  approted  bp  FM 
(Faetorp  Uotual)  tad  Ualad  bp  UL  (Vadararitara 
Laboratonaal. 


eevi*  iNTMiocK  iwircH 

tettchtaxaaaa  paaor  ta  tha  dataetta  tAtta  the 
eater  la  rateatad,  OMbtas  the  dataetor  laoparattte. 


llAOWmi  CONNiCTIONt 

A  (oar-(oot  laiptbef  arineiedralila  la  (actorp  la- 
atallad.  B  aacaaaarp,  aitimtnial  laofU  eaa  ba  ^dad. 


HIOMIT  ADAFTAUf 

Thia  daiaeiar  teealiea  aa  imaaaal  laatailatliai 
praeadaiea.  Tba  CT012A  eaa  ba  raaditp  aobatlbitad 
far  tba  flaaw  dataetar  la  ettOac  raetUtcattaa-tppa 
tpalaaa.  B  eaa  alaa  ba  oaad  la  caalaaettaa  ettb  a 
reetlfleatlaa-tppa  fliina  aadbtaaid  to  eeateit  a  flaBO 


MAAHroil  FOWBB  CCWiniPTlOW;  lOeatta. 
CCmncnON  MBAMS:  Fear-foat  laapth  of  foar-elie 


TUtFERATtlRB  RATOICS: 

Air  aarroiBBlaE  caae  (atataitat),  30F  to  t3SF. 


USB  WITS:  RAIM,  R8TIA.  R48IA,  RA890C.  RT033. 
or  Wt3t;  2  ta  daacoad  (lam  raapoaaamadola  onlp. 


FtbieaiplS,  1980 

Saparaodaa  tarUar  laatia 

J.B. 


95-2776 


FIGURE  7-18  HONEYWELL  UV  FLAME  DETECTOR 
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FLAMON®  Flame  Detector,  Type  UF 

(Ricker  or  Flicker  and  Ultraviolet  Sensor) 


mVK  I  -  FLAMON 


FVNur  or  comUmrion  VltrwrtokKUy)aodFm»rioitpaoro 


Moaium  Awi-bundiii  tquipnwnt  and  providei  altnn,  indi*  *  To  maxinii»  Ufa,  eiaettonk  ciicuiiry  is  contalnad  in  the 

catton.  and/or  concroi  o?  (he  thel  when  need  with  auxiliary  Receteer  niodula{i)  mounted  remow  trom  the  burner  area 


equipment. 


FEATURES 


(Fifuie  2). 

*  Test  jaeki  acceaiibla  on  module  face. 

*  A  shutter  for  self<chedan,  of  the  Flame  Detector  ia  avail¬ 
able  aa  an  option  on  UFA,  standard  on  UFS. 


*  Only  low  «Dlta,e  h  tiammitted  to  the  burner  front 
*  Raaponda  only  to  the  fUme  under  suneillance  when  (25  V  ac  and  40  V  dc  maxlnium). 


properiy  Inatalled. 

*  LEO  Indicatea  flame  sutua. 


*  Reflector  tube  and  vine  permit  flamesightin,  uifiet  up 
to  40“  from  (he  mounting  axia. 


f  em  ctan-re  uiiw  in  usa.  ion 


<3  IMO  MeOermen  IneereoraiM 


BaileVvControis 

SibCdCtliMlCQR.  sMcOErfitencarnMn* 


FIGURE  7-19  BAILEY  COMBINATION  UV  AND  FLICKER  FLAME  DETECTOR 
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I _ L 


FLAMON*  Detector 

TypeUFllDG  Series  15 


Deteca  the  pretence  of  e  tlime  and  signais  its  pretence  by 
changini  the  iniemai  relay  contact  ttania. 


APPLICATION 

Monitan  fuel  buming  equipment  utiag  gat.  oil.  or  cyclone 
coal  firing.  Providea  lervlcet  for  alarm,  indication,  and/or 
control  of  the  fuel  when  uaed  in  conjunction  with  the  necet- 
saty  aurdliaiiet.  Uted  only  aa  an  alatm  device  unlett  combined 
with  Baiky  Burner  Manaftmeni  Syitem. 


FEATURES 

*  ReUaMe  deteetioa:  detipied  to  retpond  only  to  flame 
under  turveUlance.  not  to  adjacent  flamet  or  infrated 
radiation  from  glowing  reftactotiet  when  properly  in- 
uaOed. 

*  Eaae  of  naiatcnanee  accompUthed  by  quick  diicotuiect 
flange  mounting. 

*  SimplifM  (Md  inttallation  and  wMag  provided  by 
teiminal  block  within  detector. 

*  Higli  fcUability  and  minmnan  maioteiiance  aitured  by 
simple  patiive  ciicuitry. 


AVAILABLE  TYPES  TABLE  I 


IksbmMr 

HMi 

pBWtfr 

Lrnwm 

UftlOO 

(122  mm) 

9J  142) 

13  (841 

URIlOf 

72**  1208  mm) 

734 19.V 

17  17.7) 

omowAL  rtput  \ 

UF1110 

8«ic  4-13/10**  (122  mm) 

94  (42) 

13  (841 

UF1111 

12**  1308  mm) 

134(8.1) 

17  (7.7) 

UF11*2 

18'*  1487  mm) 

18417.0) 

19  (84) 

UF11*3 

24'*  1810  mm) 

17.8  (7.9) 

21  (94) 

UFM-P 

80**  11824  mm) 

284(13.4) 

331184) 

tUMuirn  24  wtatfes  Mira  for  Oitiwv  for  noonarv  modlficocton 
OHtaaMiv. 

*Add  '*0'*  (M  Ha)  or  "1 "  <80  Ha)  w  ampmm  stoctricoi  nMOtv. 


nCVRC  I  -  Baaic  FLAMOS  Dmcmr  for  /M 

hurmnt  iqutfmtiu. 


FICVRE  2  -  Dtatram  ofrigU  exumion  head  odqpier. 


FICIRE  3  -  FLAMOS  Detector.  Type  VFUTJl.  Coeen 
rmtavrd  to  show  iotegnl  lermiitoi  block,  and  circuit  com- 
ponettn. 


'"•«  u  s,p«.o*fict  Bailey  Controls  Company 

Form  CE66-2f  Litna  m  U.S.A.  780  £  8«i«v  Cantrell  Cemewiv  <980  aebcoea  i  Mcoi.  j  wcow-on  Corou-. 


FIGURE  7-20  BAILEY  UV  FLAME  DETECTOR 


Rr«y«  Syatams  FP-2  corais!  of  a  Typa  26RJ8 
Programming  Control  and  a  Typa  48PTI  Scannar 
which  uaaa  (ha  "Flratron"  call  to  viaually  suparviaa 
both  oil  and  gaa  flamaa.  in  conjunction  with 
operating,  limit  and  intarlock  davicaa,  thay 
automatically  program  each  atarting,  operating,  and 
shutdown  period,  providing  ignition  and  flame 
failure  protection  for  industrial  and  commercial  oil. 
gas  or  combination  oil/gaa  burnera. 

PP-2  systems  incorporate  a  safety  checking 
circuit  that  is  effective  on  every  start.  Any  condition 
which  will  cause  the  flame  relay  to  hold  in  during  the 
checking  period  will  stop  the  program  before  any 
Ignition  circuits  are  energized  and  if  sustained,  will 
result  in  safety  lockout;  except  MOOEL  6080  which 
will  go  to  safety  shutdown  if  flame  relay  is 
momentarily  energized. 

The  Typa  26RJ8  Control  programs  the 
operation  of  blower  and/or  burner  motor,  ignition 
system,  fuel  valve,  and  modulator  system  in  a  proper 
saquance  which  includes  suitable  purge  periods 


before  ignition  and  after  burner  shutdown, 
returning  them  to  the  starting  position  prior  to 
lightoff  and  to  automatic  control  after  the  main 
flame  is  established  and  proven.  Alao  faaturad  is  a 
selectable  trial  for  ignition  of  the  main  flame  which 
is  restricted  to  a  safe  short  interval.  An  interlock 
circuit  is  provided  for  air  flow  switches,  fuel 
pressure  switches,  etc. 

Additionally,  the  control  is  dasignad  to 
deenergize  all  fuel  valves  within  a  short  safe  interval 
following  flame  failure.  The  control  recycles  each 
time  the  operating  or  limit  control  closes,  or  after  a 
power  failure,  but  locks  out  and  must  be  reaet 
manually  following  flame  failure.  An  alarm  circuit 
actuates  audible  or  visual  alarms  following  a  safely 
lockout. 

Additional  features  available  on  specific  models 
include  proof  of  fuel  valve  closure,  proof  of  open 
damper  during  purge,  non-recycling  limit  and  air 
flow  interlocks  and  spark  cut-off  prior  to  energizing 
the  main  fuel  valve. 


FIGURE  7-21  FIREYE  INFRARED  DETECTOR  SYSTEM 


UVP-2  SYSTEM 

Flame  Safeguard  and  programming  con¬ 
trol  for  AUTOMATIC  industrial  sizes  of  oil. 
gas  or  combination  fuel  burners,  using 
ULTRAVIOLET  flame  detection. 


OCSCRIPTtON: 

Flniye  System  UVP-2  consists  of  a  Typo  2anU8 
Programming  Control  and  a  Typo  49UV2  Seannor 
which  uaaa  an  uitro-vioiot  dotoction  tubo  to  visually 
suparviao  both  oil  and  gas  llamas.  In  contunetion 
with  oparating,  limit  and  intorlocK  davicas.  thay 
automatically  program  each  starting,  oparating.  and 
MhuUown  ptriod,  providing  ignition  and  flama 
failuro  protection  for  industrial  and  commercial  oil. 
gas  or  combination  oil/gas  burnars. 

UVP-2  system  incorporatos  a  safety  cheeking 
circuit  that  is  effoctlva  on  every  start.  Any  condition 
which  will  cause  the  flame  relay  to  hold  in  during  the 
checking  period  will  stop  the  program  before  any 
ignition  circuits  are  enargizod  and  will  result  in 
safety  shutdown. 

The  Type  ZSRUS  Control  programs  the  operation 
of  blower  and/or  burner  motor,  Ignition  system,  fuel 
valve,  and  modulator  system  in  a  proper  sequence 
which  includes  suitable  purge  periods  before 
ignition  and  after  burner  shutdown,  returning  them 
to  the  starting  position  prior  to  lightoff  and  to 


automatic  control  attar  the  main  name  Is 
estallshad.  The  UVP-2  System  monitors  both  main 
and  pilot  flamaa  and  do  not  permit  the  main  fuel 
valva  to  be  energized  unless  pilot  flama  has  bean 
eatablishad  and  proven.  Also  featured  is  a  aaiactable 
trial  for  ignition  of  the  main  llama  which  is  rastrictad 
to  a  saft  short  interval.  An  intwloek  elreuit  is 
providad  for  air  flow  switchas.  fuel  pressure 
switches,  and  spark  cut-off  prior  to  energizing  the 
main  fuel  valve. 

/Sdditional  features  include  proof  of  fuel  valve 
closure,  proof  of  open  damper  during  purge, 
non-recycling  limit  and  air  flow  inteiiocka. 

Additionally,  the  control  Is  designed  to 
de-energize  all  fuel  valves  within  s  short  safe  interval 
following  flame  failure.  The  control  recycles  each 
time  the  openning  or  limit  control  closes,  or  after  a 
power  failure,  but  locks  out  and  must  be  reset 
manually  following  flame  failuro.  An  alarm  circuit 
actuates  audible  or  visual  alarms  following  a  safety 
lockout. 


UVP-2  SYSTEM  MOCEL  LISTINQ 


ViCOEi.  • 

SUPPLY 

•/OLrAGi 

••f-PUROi 

SEC. 

ARMOV- 

SY 

OPEN  ! 
.  DAMPER  1 
HT  L-S 

NOR-  i 

•ECYCU  j 
1 

1 

SBCi 

i  ;j='r 

SIC 

1 

MAIN 

3CCi 

iPY 

S’sjTOFP 

1  mOOllaTOR 

1  ACT'ON 

i ... 

'  9ULL 

1 

ULPM 

1  CSAIRI 

!  <  i 

-  i 

2-4 

! 

i  ’0 

■0  1  5  30  I 

( 

1  •  «uro 

1 

1  020 

I 


*  **ts  fu««  rSivt  >nf«neea 


For  further  dolails  see  bulletin  C-30. 


FIGURE  7-22  FI  R EYE  UV  DETECTOR  SYSTEM 


7.4 


Drive  Mechanisms 


i/r 


7.4.1  Pneumatic  Control  Device 

Function 

The  function  of  a  pneumatic  control  drive  is  to  position  a  damper 
or  lever  operated  valve  in  response  to  an  input  control  signal. 

Theory  of  Operation 

Pneumatic  control  drives  normally  use  an  air  operated  piston  to 
provide  the  force  necessary  to  drive  the  output  lever.  Compressed  air 
from  an  external  air  supply  is  required  since  the  pneumatic  input 
signal  is  generally  not  used  to  drive  the  piston.  A  positioning 
system  is  provided  which  regulates  the  air  supply  to  the  piston  in 
accordance  with  the  input  control  signal.  The  positioner  may  be 
either  pneumatically  or  electronically  operated,  depending  upon  the 
control  system  employed. 

The  drive  piston  may  be  either  the  spring-opposed  type  or 
air-opposed  type.  With  spring-opposed  pistons,  the  air  pressure 
drives  the  piston  in  one  direction,  and  a  spring  drives  it  back  in  the 
opposite  direction  when  the  air  pressure  is  reduced.  With  the 
air-opposed  type,  compressed  air  is  contained  in  both  sides  of  the 
piston,  and  the  proper  placement  is  achieved  by  increasing  or 
decreasing  the  air  pressure  on  either  side. 
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_ Hays-Republic _ 

model  F-10000  pneumatic  final  drive 


•  EASILY  CALIBRATED  •  PREOSION  POSITIONING  •  CAN  BE  FULLY  CHARACTERIZED  • 
•  HIGH  STARTING  TORQUE  •  EASILY  MAINTAINED  • 


description 

Th«  Hayt<R«»ublie  Modal  P-IOOOO  Final  Driva 
i«  datifnad  to  oparoto  and  paaitian  dompara, 
lavar  oparatad  volvaa,  (an  inlat  vonaa,  tgrbina 
gavamara,  and  olhar  control  davieaa  rapwiring 
rotary  torgwo  praciaian  paaitianing. 

Thia  Pnaumotie  Actuator  providaa  high  atorting 
torpwoa  and  rapidly  paaitiana  tha  final  control 
alamant.  Input  tignola  ara  com  choroetariaad 
to  occurotoiy  central  the  ralatianthip  a(  tha 
driva  lavar  matian  to  a  given  input  aignol 
voriotian. 

Tha  Poaitianar  ia  eomplata  with  all  intamol 
pnaumotic  piping  rapuirad  for  tha  air  supply 
and  input  signals. 

Tha  antira  unit  is  waathartight,  and  suitobla 
for  taoiparaturo  ranges  of  0*  to  140*F.  All 
aparoting  porta  are  readily  scceasible  (or 
calibration,  servicing,  and  mointanonce  as 
repuirad. 


specifications 

CDNSTRUCTION: 

Waathartight 

OPERATING 

TEMPERATURES; 

0"  •  ldO"F. 

MOUNTING: 

Float,  *'A"  a  ir’ 
bait  eaniara 

CYLINDER: 

i"  a  5" 

OUTPUT: 

0®-  90*  rotation  com 
charoctariaod 

RESPONSE  TIME: 

Less  hran  6  seconds 

REPEATABILITY: 

1  .25% 

INPUT: 

3  -  15  paig  or  15-3  paig 

AIR  SUPPLY: 

35  -  100  paig 

AIR  CONSUMPTION: 

1  SCFM 

INOIOTION: 

0*  -  90*  lever  position 

CONNECTIONS; 

1.  8"  NPT  (Signal  Input) 

SUPPLY: 

1,  4"  NPT 

ELECTRICAL: 

2  -  3/  4"  conduit  knockouts 

NET  WEIGHT: 

100  Iba. 

FIGURE  7-23  HAYS-REPUBLIC  PNEUMATIC  CONTROL  DRIVE 
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Bailey  Control  Systems 


Product  Specification 

P81-1 


Pneumatic  Control  Drives 

Type  AC 


Bailey  pneumiiic  control  drivaa  Type  AC  provide  remote- 
controlled  power  for  podtionini  of  regulating  devices  thru 
meciunical  linkage. 


APPLICATION 

Bailey  pneumatic  control  drives  operaM  and  poiitioo 
regulating  devices  such  as  dampers,  fan  inlet  vanes,  lever- 
operated  valves,  turbine  governors  and  other  devices  requiring 
an  external  means  of  power.  Drives  are  actuued  by  eiaatic 
or  pneumatic  incoming  nyials  from  automatic  ctwtrol  or 
remote  manual  stttiom. 


FEATURES 

•  Wide  raaga  of  miqtM.  Four  sizes  ate  aviilabie  in  torque 
ratings  from  12S  to  4000  ft-lbs  (169  to  5420  Nm). 

•  Suitable  for  high  tcmpanttare  fnvbnnmann.  Units  with 
pneumatic  Msttionets  can  be  used  in  ambient  temperatures 
up  to  200'F  (93‘’C).  Units  with  I/P  positioners  operate 
at  up  to  180*F(82^C). 

•  Chancterinble  poaitianitq  relays.  Feedback  carru  can  be 
shaped  to  provide  the  relationship  requited  between 
input  signal  and  final  control  element  position.  Controls 
both  direct  and  reverse  action  of  drive. 

•  Accepts  dccttic  or  pneumatic  control  signal.  See  posi- 
tiorwr  Product  Specification  P88-7  (for  Chatacterizable 
Pneumatic  Positioner  Type  AP2)  or  P88-S  (for  Chatac- 
terizable  I/P  Positioner  Type  APS). 

•  Easy  to  mstall.  Can  be  placed  in  any  convenient  location 
indoors  or  out  and  connected  to  the  regulating  device  by 
standard  linkage  components  (see  Product  Specification 
CSl-S  on  control  drive  linkage). 

•  ()uiek  change-over  to  local  hand  operation  from  rerttoie 
manual  or  automatic  operation  can  be  made  without  loss 
of  control. 


B 


nCVR£  I  -  Type  AC0404  Piuunimhe  Comm  Drtpo  lleft) 
with  aurmt  Type  Af  dmoeurtuhk  poiMmtr.  Type 
AC0608  Ptmmatfe  Comm  Drift  irifktt  hm  miemef  Type  Af 
chorwettrizaUe  poiiiiomr. 


FIGURE  2  -  Both  Type  AC0SI6  (lefti  and  Type  ACI0I6 
Iright)  hate  internal  Type  chtncttraaUe  poMonen. 


BaileyvControls 
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FIGURE  7-24  BAILEY  PNEUMATIC  CONTROL  DRIVE 


MODEL  7330 

PRODUCT  DATA  SHEET 


COMPAa  FINAL  DRIVE 


•  HIGH  OUTPUT  TOKOUE 

•  CNAItACTERIZEO  MOTION 

•  ACCURATE  ROTARY  OUTPUT 

•  STANOAffO  MANUAL  LOCK 

•  PEATHERPRQOP  ENCLOSURES 


This  vsmtils  pncumstie  driv«  unit  is  s  Inw-cost 
fiaai  drive  for  positioning  valves,  dampen,  and  other 
noal  control  elements.  Compact  size,  a  characteriziag 
cam,  and  weatherproof  case  contribute  to  product  a 
drive  unit  suitable  for  a  great  variety  of  appiicatioas. 
And  as  an  added  benefit,  you  can  easily  mount  the 
unit  in  any  position  —  indoon  or  out.  Besidei  produc* 
ing  an  excellent  torque,  the  rotary  motion  output  shaft 
simplifies  installation.  Unkaga  problems  do  not  exist. 
Simply  mount  lever  in  any  position  on  the  output 
shaft.  Lever  length  adjusts  to  a  full  13  inches. 

A  characterizing  cam  produces  various  fead’baclt 
functions  for  given  signal  pressure  changes.  One  por¬ 
tion  of  the  cam  produces  an  output  linear  to  the  input, 
while  another  portion  produces  an  exponential  motion 
approximateiy  equal  to  the  square  of  the  input.  The 


remaining  cam  segment  is  uncut.  You  can  easily  tailor 
your  response  by  merely  shaping  the  blardt  portion  to 
your  requirements.  Or  just  select  the  segment  that  will 
produce  your  desired  results.  Cam  changing  is  com¬ 
pletely  eliminated. 

The  drive  wilt  operau  directly  fiom  a  40  to  ISO  psi 
air  supply,  and  does  not  require  either  regulation  or 
Altering  if  attached  to  a  clean,  dry  air  source.  Inputs 
may  bo  3  to  15  or  3  to  27  psig,  depending  on  which 
you  select.  A  manual  operator  arid  iimit  switches  are 
optional  accessories  to  provide  even  greater  versatility. 


.Model  . 

Input  Signal . 

Maxionim  Supply  .'ressure  .  .  . 
.Minimum  Supply  Pressure  .  .  . 
Operating  Temperature  Limits 

Sensitivity  . 

Oupuc  Shaft  Rotation . 

Time  Required  for  Full  Stroke; 

No  Load  . 

30  Pound  Feet . 

30  Pound  Feet . 

Teight  . 


.  7330 

3tel3  ot  3ta27  psig 

.  130  psi 

.  40  psi 

.  .  .  0*F  to  *200*F 

.  .  .  1/43S.  or  Better 
.  ”3  Degrees 

.  3  Seconds 

.  8  Seconds 

.  9  Seconds 

.  22  Pounds 


FIGURE  7-25  HAYS-REPUBLIC  COMPACT  PNEUMATIC  CONTROL  DRIVE 


Electric  Control  Drive 


Function 

The  function  of  an  electric  control  drive  is  to  position  a  damper 
or  lever  operated  valve  in  response  to  an  input  control  signal. 

Theory  of  Operation 

Most  electric  control  drives  use  a  reversible  electric  motor  to 
position  the  output  drive  lever.  The  motor  acts  through  a  series  of 
reduction  gears  to  increase  the  output  torque  and  provide  precise 
control.  The  motor  does  not  operate  continuously.  It  is  started  when 
an  input  control  signal  is  received  and  stopped  when  the  output  d~ive 
lever  reaches  the  desired  position. 

Often  a  cam  mechanism  is  included  with  the  control  drive  which 
can  be  used  to  “characterize"  the  output.  Thus,  the  displacement  of 
the  output  drive  lever  can  be  made  to  vary  with  respect  to  the  input 
signal  in  accordance  with  almost  any  mathematical  function. 


Hays-RepubKc 

models  873  and  874 
electric  power  units 


application 

ElaCTrie  Powar  Units  ara  normaily  usad  in 
combustion  and  proeats  control  to  oparata 
tha  final  control  alamant  Thasa  units  hava  a 
ravarsibla  motor  and  may  ba  appliad  to  opar- 
ate  dampars,  valvaa,  rbaostats,  variable  speed 
transmissions,  fan  couplings,  stoker  lavars, 
and  similar  davicst.  Adjustable  limit  switches 
are  supplied  to  restrict  angular  travel  of  the 
unit.  Additional  switches  can  ba  installed  to 
oparata  signal  lights  or  alarms,  for  transfer  of 
control  or  for  purpose  of  interlocking.  Potan- 
tiomaten  for  control  application  or  for  tha 
operation  of  remote  position  indicators  are 
also  available. 

operation 

The  Electric  Power  Unit  is  elactrically  con¬ 
nected  to  its  controller.  It  is  energized  by  re¬ 
versing  relays  whose  coils  are  operated  by  a 
circuit  closing  device  such  as  magnetically 
operated  mercury  switches,  relay  contKts  or 
an  electronic  relay.  A  lever  secured  to  tha 
output  shaft  moves  at  the  shaft  turns.  Link¬ 
age  connects  this  lever  to  the  final  control 
element  to  be  operated.  By  suiable  adjust¬ 
ment  of  the  linkage,  either  linear  or  non¬ 
linear  motion  of  the  final  control  element 
may  be  obtained. 


features 

•  RAPID  RESPONSE.  Electrical  operation 
insures  immediate  response. 

•  REVERSIBLE  MOTOR:  Rotation  of  out¬ 
put  shaft  it  instantly  reversible. 

•  RATINGS  include  high  safety  factor  for 
normal  line  voltage  variations. 

•  NO  OVER-TRAVEL:  Friction  braking  at 
rotor  stops  motor  when  current  is  cut  off. 

•  PLUG-IN  RELAYS  with  integral  dual 
life  feature. 

•  HIGH  STARTING  TORQUE  always  avail¬ 
able  to  overcome  static  friction. 

•  HAND  WHEEL  provided  for  manual  oper¬ 
ation. 


FIGURE  7-26  HAYS-REPUBLIC  ELECTRIC  CONTROL  DRIVE 


Bailey  Control  Systems  Product  specto^n 

Electric  Control  Drives  (Modulating) 

TypeRW 


Provid*  remow-controlkd  power  for  predn  poationing 
of  regulating  devices  through  meehaaicat  linkags. 


APPLICATION 

Operating  and  potitioning  dampers.  lever-operated  valves, 
and  oihir  regulating  devices  requiring  an  external  means  of 
pawn.  Drives  arc  actuated  by  electrical  signals  ftom  an  atto- 
matie  conttol  system  or  from  a  remou  manual  sutioo. 


FEATURES 

«  Medulithig  Coatral,  Speed  of  travel  it  proportional  to  the 
value  of  the  position  error  signal.  At  tht  signal  approaches 
the  desired  control  point,  speed  decteaatt  and  virtually  no 
overshooting  occurs. 

•  FlexMe  Conttol  OumcMfiMiea.  Cam  mschaniam  im- 
proves  control  chatactetittics  of  regulating  dtvicea  by 
providing  a  simple  adjustment  for  relation  between  Drtve 
position  and  electric  input  sigttal. 

.  Eav  (oIoMl.  Control  drtve  can  be  placed  in  any  con¬ 
venient  locauon  inrloats  or  outdoors.  Connected  to 
the  device  being  regulated  by  standard  linkage  (tee  Prod¬ 
uct  Specifleation  C8I  -5). 

•  Servo  AmpUflar  is  designed  for  indrwr  cabinet  or  rack 
mounting. 

•  Wide  Range  of  Toequaa.  Five  sizes  available  in  torque 
ratings  from  230  to  6000  Ib-ft  (312  to  SI36  Nm). 

•  Equipnaant  Piatection.  Motor  current  limiting  prevents 
dam^  during  automatic  opention  in  the  event  that  the 
driven  device  jams.  Torque  limit  switches  are  provided 
to  limit  maximum  output  torque  to  a  preset  valiM.  Torque 
limit  switches  are  normally  set  to  S20%  of  maximum 
rated  torque.  Special  factory  settinp  are  available  on 
request. 

«  Remote  Moniil  CoMrel.  Precias  jogging  control  bypasaes 
Servo  Amplifier  and  can  be  accomplished  with  Ampli¬ 
fier  Card  unplugged  to  facillaie  maintenance. 


ficiour  /  -  Type  XH't  Contni  Drift  frith  630  f*^  fMI 
Smf  cotuhmam  rorqur  iwtog- 


•  Dlnct  Mamml  Opention.  Quick  changeover  to  direct 
menual  opention  from  auiomaiic  or  remote  manual 
opention  thru  local  interlock  and  hand  crank. 

•  Service  AceasaibiUty.  Easy  access  to  drive  components. 
Plug-in  circuit  cards  allow  testing  and  mamtenance  while 
dnve  continues  operaimg  under  manual  control. 

•  Quack  Disconnect  Plug  permits  functional  testing  with¬ 
out  disturbing  system  wiring. 


•  Wide  AmblenI  Temperenm  AppUcaiions.  -10  to  v|60F 
(-23  to  71C);  low  temperature  lubricant  available  for 
operation  at  -30  to  vlbOF  (-34  to  71C). 


BaileyvControis 

^orm  cm  •4*3  utbo  in  U  J>.  M  ^  1MQ  MeOtrmott  Ineorporiwd  BiboacfciWm  M.  dMcOErmoRcamoan* 


FIGURE  7-27  BAILEY  ELECTRIC  CONTROL  DRIVE 


7.4.3 


Pneumatic  Valve  Actuator 


Function 

The  function  of  a  pneumatic  valve  actuator  is  to  vary  the  amount 
a  valve  is  opened  in  accordance  with  an  input  control  signal  from  some 
other  control  component. 

Theory  of  Operation 

Pneumatic  actuators  are  normally  the  piston  operated  or  diaphragm 
operated  type.  The  piston  ooerated  type  perform  in  essentially  the 
same  manner  as  any  piston  operated  pneumatic  control  drive  (see 
Section  7.4.1).  The  main  difference  is  that  piston  operated  valve 
actuators  are  specifically  designed  for  valves  and  are  mounted 
directly  on  the  valve  yoke. 

Diaphragm  actuators  are  perhaps  the  most  common  valve  positioning 
device.  They  are  relatively  inexpensive  and  yet  afford  very  precise 
modulating  control.  They  operate  in  somewhat  the  same  manner  as  a 
piston  actuator,  except  a  spring  loaded  (or  air  opposed)  diaphragm  is 
used  instead  of  a  piston.  The  valve  stem  is  directly  coupled  to  the 
diaphragm.  When  the  air  pressure  is  increased  in  the  chamber  above 
the  diaphragm  it  pushes  the  valve  stem  down,  and  when  the  pressure  is 
decreased  the  stem  comes  up. 
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Numerous  control  options  are  available  with  pneumatic  actuators. 
The  valve  may  be  made  to  either  open  or  close  on  loss  of  air  supply  or 
even  fail  in  place  if  desired.  The  valves  may  be  operated  directly 
using  control  signal  air,  or  the  control  signal  may  go  to  a  positioner 
which  in  turn  regulates  the  actuator.  If  a  positioner  is  provided, 
the  valve  may  be  controlled  using  either  a  pneumatic  or  electric 
control  signal. 

Pneumatic  actuators  may  be  used  to  provide  either  modulating  or 
on-off  control.  If  modulating  a  control  is  required,  valve 
positioners  are  normally  added  since  they  greatly  increase  the  control 
precision.  The  positioner  normally  receives  a  feedback  signal  from 
the  valve  (via  a  mechanical  linkage)  so  that  it  is  able  to  precisely 
vary  the  valve  opening  in  accordance  with  the  input  control  signal. 
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Product  Specification 
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V-PUP''  CONTROL  VALVE 


FIGURE  1  -  Biilty  OUphta|m-Actuau(i,  V-Pup  Coniiol 
Valve.  TYPE  VFA.  CLASS  CZOEO. 


The  TYPE  VFA.  CLASS  C:0E  or  D20E  valve  ii  of  ihe 
double-ieat.  top  and  boltom  guided.  V.Por(  design  with  pro¬ 
portional  uniform  percentage  characierisiics.  If  pressure  drop 
is  held  constant,  equal  percenuge  change  in  rate  of  flow  will 
result  from  equal  changes  m  valve  lift  for  all  openings  of  the 
valve. 


Application 

Typical  applications  include  condensate  tlow  control,  steam 
pressure  reducing,  etc.  Restricted  area  inner  valves  are  available 
where  specu'ic  applications  necessitate  their  use. 


SPECIFICATIONS 


TABLE  I 


nuet  Stem.  MM  Sisis:  Type  318  tiaifiWM 
naw.  SMIiiad  laaiine  aiM/ar  euMine  *>'■ 


•ady:  !lMwi.i«eal  lASTM  A138  CUai  8  or 
Cl;  eamon  ttael  IA8TM  A218  Or.  WCBI; 
or  airemernoly  lASTM  A217  Or.  CSi. 
Voka;  SmkoM. 

aacKIne:  Sttf-lutncsiNtf  rt&mt  VftK§  for 
mom  to  aaO'PM  MturoMd.  watmeeiod 
mam  to  480  b*.  mM  vmat  lo  480f  ; 
DmamemOiie  far  mam  oaar  480  pat  ar 
mcar  am  4808. 

Aciuaiar  Sanfip:  SUicaii  manaaaaaa  tiaal. 


OlapNaam  Caaa:  Aaaaatf  a 


Narmally  Opan 
OimaUaa  class  C3D8-0.  Saa  neura  2.  aaga  Z 

Normally  Oaaao  lair-re  eaaii  aenoni; 
CLASS  OaOC-C.  Saa  mpn  3.  ease  2. 


Sap  Tana  II.  eape  2.  lar  aimawpeni  and 
AcQMtSr  tWaetiya  mapnraem  areas  ter  vanaua  lypa 


128.  180.  280.  300.  800.  900.  or  1800 


PtssBfo  StoadofSs  ^  _ 

.  .  MOidlne  snda  dasMnad  to  ASA  itandarda. 
Asa  eiMS  8ss  Tana  III.  nan  t  lar  ceiranonaing 


Control 


Sandird  wvnft  of  3<37  or  3-iS 

0BI9.  40  0*9  niooiv  proaufo  roquifoo 
Mfion  0Oiitionin9  roioy  it  indwOM. 


Shioo«n9:  SnTibli  hi.  ^  2. 

Not:  Aooronimoiolv  38%  of  iOiopi**9 


Sandard:  Unloa  otfamwa  teoofiod.  boa 
orieo  tncfwda  poation  indicator  and  in* 
itPvcTion  book. 

Availaba:  Non0iaek;podtionin9raav  (too 
Product  SooDfication  P68*4|;  travel  stooa: 
t>tam»en  bennat  Hor  tamoaratura  abova 
4S0P):  pnaunatic  traooin9  vaiva;  toi^ 
noid  valtac:  timt  irwtebat:  and  position 
trantmittart  laa  Product  Specification 
P88>5). 
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FIGURE  7-28  BAILEY  PNEUMATIC  VALVE  ACTUATOR-DIAGRAM  TYPE 
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Product  Specification 
P85.2 


BAILEY  PISTON-ACTUATED  CONTROL  VALVE 


TIm  type  V),  CLASS  DltC.  OIOF«  t  OluO  to  •IiIm  WlMcad. 
4— I.  c»f»giii4t4.  V*poct  4Mlga  whm  pMt  acw  to  4f  nai—4 
br  ib«  liM  thmp9  W  caet  p«m.  laMfral  ptoiM  acttif  erevidM 
amplt  p«w<r. 

APPUCATION 

For  acmnit.  4tpo«4<hU  throttlhic  roawol  -icb  aotoo  and 

oMsifliiMa  vniUhMkf  — dar  ronditina  ol  high  iatotol  prtMaro.  high 
ifpoconiCA.  a»d  high  proaaoro  dro^  Typical  applicalioM  tnciado  food 
woMr  colraL  tooaai  pmcaro  rodudag.  etc. 

PHYSICAL  CHARACTtRiSnCS 


Clfg.  Sm*.  and  Otoca:  Typo  304  uainloM  mmI  <  CLASS  DM) :  Typn 
304  NointoM  Moal  wkh  •enUhnd  MMinc  mtUcm  <CLASS  OtOfi;  or 
Typo  304  MainloM  toool  «iih  MoUkod  toMuif  and  gnidhig  wrlacot 

iCL^  DIOG). 

Carbon  total  lASTM  A210  Gr.  WCB);  or  ehriaa  aaly 
•  ASTM  A2t7  Gr.  Wa  or  Or.  ai. 

Yoko:  Sanu  nuL 

Sloni  and  Brooch  Block  Packing:  Sniiahlo  lor  cpociito  ralm  ipafortng 
proaaoro  and  tampafoinra. 

Siooi  nioaoa  op  to  rioao. 


TYPE  VJI:  Singto cylindor  <4*  dioMor  and  I*  nroko*  with  poahion 

‘•W.VV1,  :  StaalxrtMw  <1’  aa4  (*  unk.)  wMi  pmMw- 

Vlli  '  It*  iWiWw  imt  I*  Mrak.)  wbh 

VJ4;  Twowylittdom  <1*  dlawoiar  and  I*  nroho)  with  poahion 
iof  roloy. 

^  TaMo  1.  Pana  2.  for  accoacora  oaod  with  variooa  fioo  ratToa. 

Nrf  flirfa 


FNNM  I  «  BtoBey  Pl#eii  ActnuA  V-Peit  Ceiitril 
VoNe.  TYPI  VJ,  OASS  OIOA  D10P»  or  010O. 


400.  000. 1300.  or  2500  palg  bodioa  haring  ratood  fact  llanftd  or  wrlding 
mda  daaignod  to  ASA  tianaorda.  Soo  Tablo  1.  Pago  L  for  rormponding 
tiaoa  and  maiorioli.  Ring  joinc  ilongta  or  carbon  toool  voiding  mda  on 
chromfoly  boditc  optional 
CuOfl  PraoMir*  Rgnteg 

Standard  tignol  rangta  o(  3*15  or  3«27  prig.  iO  prig  *«pply  prtaanrt 
ropnirod  for  poaitioning  roiay. 

Wmighn 

Shipping:  Sro  Tablo  (.  Pago  2. 

^«t:  Approrimoioiy  OS04  of  *hipping  voighi. 

AtAXIMUM  RECOMMENOeO  VELOCITIES 

Stoan.  Air.  or  Gaa:  lOJMO  fpni  oniiot. 

Waior  <350  paia  and  3S0Fi:  Car^n  toool  body  ~  10  fpo:  Smiiwiool 
body  <—  20  fpa;  Gr.  WC4  chroammoly  bodr  —  25  fpa:  Gr.  CS  chrama 
•oly  bo^  ->  IS  fpa. 

ACCESSORIES 

Standard:  Cnioaa  othorwiao  ipreidrd.  prico  inclodoa  charoctoriood 
po«iiioning  relay  'mo  Product  Sporiication  POO.}: ;  air  failoTo  lock  with 
OMnoal  roan;  iniogral  coolina  brad  toan^rd  exetpt  for  400  paia  ralro 
with  3')"  t  14'  caga  >iaa  «ith  optional  toporaio  caning  cooling  Sand) ; 
poaiiion  indiraior:  and  inatrortion  book. 

Avaibblo:  Poaiiion  tranamitior  '«rt  Prodoct  SMciOcaiim  P90«10> ; 
fiaod  ininiHioni  Mop;  air  failara  alarm:  trorol  fimii  awHcbta:  iiom 
lubricator  and  itololing  ralro:  oapandtd  ootloti  in  tomo  liaoa: 
radio^phy. 


QUOTATION/OROERING  INFORMATION 

To  roanim  n  cn^ofdaao  nnoantinn  nnd  Ehtppine  dnto 
or  pi^Eon  n^F  or^lnr .  pin^pa^F  atatR^Fip  mfn^^^E^EFin^F  o^t  F^t^F 
V#ORT  CONItOi  VAIVI  no  Mlmm: 


I  ntFW  ■  •  I 

I  tnrtie*  agttovi  _  _  .  m*  g/oan  j 

I  ** — - ^-rTT''*Ti  r*"  I 

I  PFaaanri  Dmp  m  Mbihnntn  fopnilry  pal  j 

I  tnipi  Praaanra  o»  ROwimuni  faparitri  I 

j  Vnivn  Inim  11— »_  iMPhaa  I 

J  Vtdon  Ottotaf  ffttr  inrhta  ! 

I  ConFipl  Proaanmx  Q  9»a7  paifi  "2  3«IS  paif 
I  PiMiam  iFnndnrdi  2  MO  paip;  2  MO  paif;  I 

I  2  ISOO  paipF  C  2S00  paip  1 

I  Vnhm  Mat  2  Wif  d;  2  Woldinf  I 

I  Av— Mvto— *  _  _  I 

1 - 1 

CtaHn  mmt  C.wp...  I«M 


PNEUMATIC  EQUIPMENT 


FIGURE  7-29  BAILEY  PNEUMATIC  VALVE  ACTUATOR-PISTON  TYPE 


PNEUMATIC  PROPORTIONAL  POSITIONER 
Type  API 


The  Type  API  Proportiofitl  Posilioncr  providei  fast, 
tenstive  and  accurate  positionin|  of  double-acting 
pistonicylindet  aucmblies  and  smgle-aciint  spnng  ot 
cushion-kiaded  diaphragm  actuators  m  response  to  an  input 
ugnal  Ii-i5  or  3-27  psig)  from  a  pneumatic  controUer  deeice. 


The  Positioner  is  usuaily  located  in  the  control  loop 
between  (he  controller  and  the  t'inal  control  element  power 
device  (cylinder  or  diaphragm  actuator).  A  mechanical  connec¬ 
tion  to  the  fuial  control  element  is  used  to  feed  back  the 
actual  position.  When  the  controller  calls  tor  repositionuig.  the 
Positioner  acts  as  a  pneumatic  relay,  thru  an  independent  air 
supply,  and  changes  the  piston  or  valve  lo  the  new  required 
position. 


•  Stable  positioning  charactensiics  are  provided  for  both 
small  and  large  cylinders  or  actuators. 

•  Large  gas/air  capacity  (greater  than  2S  scfm  at  75  psi)  for 
fast  final  control  element  response  while  maintaining  low 
gas  usage. 

•  Wide  range  of  operation.  Standard  stroke  ranges  from 
0.;5”  to  :4,0". 

•  24  psig  maximum  input  span.  Includes  standard  input 
signals  of  3-15  psig  or  3-27  psig  and  offers  a  vanety  of 
spill  range  capabilities  (ie.  3-9  psig,  9-15  psig.  etc.). 

•  Usable  for  double-acting  or  single-acting  service.  .A  valve 
adjustment  procedure  permits  changeover  from  double- 
acting  to  single-acting  operation. 

•  Action  (direct  or  reverse)  is  changeable  in  the  field 
wiihoui  the  need  for  any  additional  parts. 

•  Capable  of  operating  at  ambient  temperatures  up  to  2SOF 
and  supply  pressures  up  to  1 50  psig. 

•  Externally  adjustable  span  and  aera  for  each  stroke  level. 


FIGURE  I  -  Type  API  Pneumatic  Proportional  Positioner 

*  Good  vibration  resistant  charactensiics  to  final  control 
element  movement  for  accelerations  up  to  2  G's  and 
frequencies  below  bOHz. 

*  Positive  mechanical  feedback  provides  accurate  final 
control  element  movement  for  each  value  of  input  signal 
applied. 

*  Most  Positioners  available  at  off-the-shelf  units. 

*  Small  compact  size  allows  for  easy  handling  and  mstaila- 
iion. 


FIGURE  7-30  BAILEY  PNEUMATIC  VALVE  POSITIONER 


MM  y  M  f ;  g;  ■■  I 


7.4.4 


Electric  Valve  Actuator 


Function 

The  function  of  an  electric  valve  actuator  is  to  vary  the  amount 
the  valve  is  opened  in  accordance  with  an  input  control  signal  from 
some  other  control  component. 

Theory  of  Operation 

Electric  actuators  may  be  either  the  motor  operated  type  or  the 
solenoid  type.  Motor  operated  actuators  are  in  general  rather 
expensive  and  are  normally  not  used  on  small  industrial  boilers.  They 
utilize  a  reversing  electric  motor  acting  through  a  series  of 
reduction  gears  to  position  the  valve.  The  motor  drives  the  valve  to 
the  desired  position  and  then  stops.  Torque  switches  and/or  limit 
switches  are  generally  included  for  motor  protection. 

Solenoid  actuators  are  much  less  expensive  than  motor  operators, 
but  they  are  much  more  limited  in  their  application.  Solenoid 
actuators  can  only  provide  on-off,  or  wide  open-shut  valve  control. 
Furthermore,  they  are  only  practical  on  small  valves,  generally  less 
than  two  inches  in  diameter,  and  are  normally  only  used  on  valves 
smaller  than  one  inch. 

Solenoid  actuators  use  an  electromagnetic  coil  to  position  the 
valve  plug.  The  valve  stem  is  usually  an  integral  part  of  a  magnetic 
plunger  which  passes  through  the  middle  of  the  coil.  When  the  coil  is 
energized,  electromagnetic  force  causes  the  plunger  to  move  either  up 
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or  down,  thus  positioning  the  valve  plug.  The  plunger  Is  spring 
loaded,  so  that  when  the  coll  Is  de-energized,  the  valve  plug  returns 
to  Its  original  position.  Solenoid  valves  may  be  designed  to  either 
open  when  energized  or  close  when  energized,  and  either  alternating 
current  (ac)  or  direct  current  (dc)  may  be  used  to  energize  the  coll. 


fuel  valves  and  actuators 

-V4038AJ;  V8038A  SOLENOID  GAS  VALVES- 


NORMALLV  CLOSBO 
SOLENOID  GAS  VALVU 
FOR  MEDIUM  FREE- 
SURE  DAE  BURNERS. 

May  bt  uMd  m  tafaty 
thutoff  valva  on  pilot  or 
main  fual  wpply  linai.  Suit- 
abla  for  LF.  natural,  or 
manufaeturad  gaaas.  Valya 
Fatiam:  Strai^t-tfiroufR. 
Maximum  Ambiam  Tam- 


paratura:  V403SA,  V8036A-12S  F  [52  Cl .  V4036B- 
140  F  [60  Cl .  Littad  by  Undarwitan  Laboratoriat  Inc; 
Induatrial  Rhk  Imuran  (fOrmarly  FIAI  approvaWa; 
Factory  Mutuai  approvad;  Canadian  Gat  Aiaoeiation 
oartiKad:  Amarican  Gat  Attobadon  eartifiad. 


REPLACEMENT  PARTS: 
Coil  Attambiiaa- 


7.4.5 


Hydraulic  Valve  Actuator 


Function 

The  function  of  a  hydraulic  valve  actuator  is  to  vary  the  amount 
a  valve  is  opened  in  accordance  with  an  input  control  signal  from  some 
other  control  component. 

Theory  of  Operation 

Hydraulic  valve  actuators  operate  in  basically  the  same  manner  as 
pneumatic  actuators,  except  that  a  liquid  instead  of  a  gas  is  used  as 
the  motive,  or  control,  fluid.  Either  a  piston  or  diaphragm  is 
provided,  and  the  hydraulic  pressure  acting  against  it  is  varied  as 
necessary  to  position  the  valve. 

Hydraulic  actuators  may  use  liquid  from  the  process  piping 
upstream  of  the  valve  as  the  motive  fluid,  or  they  may  be  provided 
with  self-contained  hydraulic  oil  systems.  Pilot  valves,  either 
electric,  hydraulic,  or  pneumatic,  are  used  to  regulate  the  flow  to 
and  from  the  actuator  diaphragm  or  piston. 
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fuel  valves  and  actuators 

- y4055A.B.D,E  ON-OFF  FLUID  POWER  GAS  VALVE  ACTUATORS - 

USED  WITH  VSOSS 
VALVE  TO  CONTROL 
GAS  SUEPLY  TO  COM¬ 
MERCIAL  AND  INDUS¬ 
TRIAL  BURNERS. 

R«ftr  to  ordfrinq  tatilo 
lor  Miplieotion.  Rattd  lor 
linil  jaltty  ihutoN  urvie* 
tMiMn  uud  with  VS034  or 
VSOSS  valvo.  Indieuon  on 
valva  and  actuator  provida 
eoTMtant  viaual  indication  of  valva  poaition.  Vaiva  and 
actuator  can  ba  mountad  in  any  poaition.  Actuator 
mountf  diraetly  to  valva  bonnat  with  2  aataoawa. 

Ambiant  Tamparatura  Rating:  Minua  40 .to  piua  ISO  f 
Iminua  40  to  plua  68  Cl  lor  60  Hz  modals.  Qoaing 
Tima:  1  sacond  maximum.  Pranura  ratinga  andaporo«ala 
lor  thaaa  aetuatora  dapand  on  tha  valva  uaad.  Ralar  to 
VALVE-ACTUATOR  APPROVALS  and  PRESSURE 
RATINGS,  paga  236. 


V40BS  AaniMor  wHh  coaar  lamovad. 

ELECTRICAL  RATINGS: 

V40SSA,0- 


—  Ill  i'i  1  1— 

■■■KLLiiiimmiaaHHi 

HOLOINO 

m:Lir:-u 

KHEB 

EULa 

Eza 

w  m 

3.9 

■ns 

1  7t.O 

■ESH 

OOi 

2.7 

■m 

■13 

9.1 

340V/aO  Ht 

2.6 

mwm 

noi 

■CZ9 

1  71.5 

KUB 

mna 

9.2 

[■ml 

V4O86B.E-t20V,  80  Hz. 

Opaning-00  warn,  094  amp  18.4  amp  inruahl, 
IIS  VA. 

Haiding-9.S  warn,  0. 18  amp,  19  VA. 

DAMPER  CRANK  ARM  RATING  laiactncaily  drivaa 

dampar  in  1  direction  only); 

Standard  Modaii-2Q  lb  maximum  at  2-11/18  in. 
radiua  at  plua  20  to  plua  ISO  F.  and  S  lb  at 
minua  40  to  plua  20  F  [9  kg  maximum  at  68  mm 
radiua  at  minua  7  to  plua  68  C,  and  2.3  kg  at 
minua  40  to  minua  7  Cl . 

Modalt  with  Damoar  Shaft  flttum  Sorina— 10  lb 
maximum  at  2-11/16  in.  radiua  at  plus  20  to  plua 
ISO  F  and  S  lb  at  minua  40  to  plua  20  F  (4.9  kg 
maximum  at  88  mm  radiua  at  minua  7  to  plua 
68  C,  and  23  kg  at  minua  40  to  minua  7  Cl . 


MAXIMUM  DAMPER  SHAFT  ROTATION:  S2  angular 
dagraat. 


AUXILIARY  SWITCH  AND  VALVE-CLOSED  (FAC¬ 
TORY  MUTUAL)  SWITCH  RATINGS:  1/2  hpa. 


LOAD 

1MV 

japv 

I’uU  Load 

9.6  ime 

4.9  •mo 

UochM  Rotor 

S8.8«no 

JS.aamo 

aMaxiffium  tem  corwaciad  powar  to  both  iwiiciwa  III  uiadl 
it  1800  VA. 


REPLACEMENT  PARTS: 

133688  Auxiliary  Switch  Bag  Aiiambly. 

133S69  FM  Proof  ol  Cloiura/UL  Valva  Saal  Ovartraval 
Interlock  Switch  Sag  Aiiambly.  Mutt  ba  used  with 
VS05SC  or  E:  do  not  UM  with  VS034  valvo  body. 

7818BR  Dampar  Crank  Arm  Idampar  arm  and  clip). 

No  other  pans  raplacaabla. 

ACCESSORIES: 

133888  Auxiliary  Switch  Sag  Aaiambiv. 

133S89  FM  Proof  of  Ootura/UL  Valva  Seal  Ovartraval 
Interlock  Switch  Bag  Anamblv.  Must  be  used  with 
VSOSSC  or  E:  do  not  use  with  VS034  valve  body. 

7816BR  Damper  Crank  Arm  Idampar  arm  and  clip). 

133S33A  Shon  Stem  Adapter  for  mounting  actuator 
on  VS034  valve  with  ihon  (tem. 

133S34A  Long  Stem  Adapter  for  mounting  actuator 
on  VS034  valve  with  long  stam. 


coniMWtd  next  paet 
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FIGURE  7-32  HONEYWELL  HYDRAULIC  VALVE  ACTUATOR 


_ Hays-Republic _ 

model  F-04632 
hydraulic  position  regulator 

•  RUGGED  CONSTRUCTK3N  •  WEATHERPROOF  CASE  •  CHARACTERIZED  OUTPUT  • 
•  POSITION  INDICAT1NO  RELAY  OPTION  AVAILABLE  • 


application 

TIm  Hayt-RtouMic  Hydraute 
Position  RaguMor  N  uaad  to  rag- 
Uatatha  paaMon  ot  a  hydraule 
piston  opMind  aMa  vaNa.  An  air 
loading  praaaura  racsivad  aatiar 
(ram  a  contrailar  or  a  manual  m 
loading  station  la  uaad  to  control 
ttio  action  of  lha  regulator  and 
hanca  dotarmma  ttw  position  of 
thaalidavalvo. 

Tha  attacliad  curva.  FIgura  1  on 
rsvoraa  aMa,  Mustratoa  tha  rala- 
tlonanip  batwaan  tha  air  praasuro 
applied  to  tha  loading  diaphragm 
and  the  power  piston  position  or 
vaiva  stroke. 

the  regulator 

The  HydrauKe  PoslUonor  consists 
of  a  cast  iron  case  upon  which 
are  mounted  a  loading  diaphragm 
assembly,  an  as  pilot  vaiva  at- 
aamoly  and  a  return  motion  as¬ 
sembly. 

Such  a  regulator  is  ilhiatratod  by 
Figure  2  on  reverse  side.  Thera 
may  bs  cartaw  variatlona  in  tha 
arrangomant  of  tha  return  motion 
to  accommodate  a  vortical  or  hor¬ 
izontal  position  of  tha  power  re¬ 
lay  cylindar. 


Ragardlaat  of  the  anangamant 
or  aizo  of  parts,  tha  ptmcipia  of 
operation  »  tha  same  lor  this 
type  of  poadionar. 


operation 

The  PotHtionor  is  an  oil  operated 
regulating  davica  of  tha  position¬ 
ing  typo.  It  tranaforma  loadfetg  air 
prosaura  impulsos  as  received 
from  a  contrailar  of  tha  flow  con¬ 
trol.  level  control,  hand  control  or 
other  type  of  master  control  de¬ 
vice.  and  converts  this  air  pres¬ 
sure  into  a  dafinita  position  of  a 
power  piston.  In  this  particular 
case,  its  purpose  is  to  position  a 
slide  vaiva.  its  action  is  controlled 
manually  or  automaticaa<'  '~om  a 
remote  control  panel. 


operation  cycle 

with  zero  pressure  on  the  load¬ 
ing  diaphr^m  tha  power  piston 
is  at  the  end  of  its  stroke.  Appli¬ 
cation  of  pressure  on  tha  load¬ 
ing  diaphragm  causaa  it  to  move 
downward  against  tha  pressure 


of  tha  diaphragm  aptlng.  The  plot 
vaiva  balancing  lavar  la  pinnad  at 
its  left  and  to  the  cam  follower 
lever.  Shea  ihia  pNot  point  is 
held  stationary  at  the  bagaaring 
of  tha  cyda.  tha  nghthand  and  of 
the  balancing  lavar  ia  moved 
downward.  This  movaa  tha  plot 
vaiva  connactfeig  link  and  results 
in  a  movement  of  tha  multiplying 
valve  which  produces  a  move¬ 
ment  of  the  plot  vaiva.  Tha  plot 
vaiva  is  cormactad  to  a  aupply  of 
ol  under  praaaiae.  Whan  the 
valve  is  moved  from  its  neutral  or 
mtd-poaition.  the  pressure  is  h- 
creasad  on  one  end  of  the  power 
piston  artd  daersasad  on  the  op¬ 
posite  end.  This  produces  a 
rnovemam  of  tha  power  piston. 
As  shown  in  Figuro  2.  tha  power 
piston  wil  move  from  right  to  left 
and  produce  a  counterclockwise 
rotation  of  tha  cacular  caHa  pul¬ 
ley  which  holds  tha  cam  plate. 
The  cam  rolar  is  held  against  the 
edge  of  the  cam  by  a  apnng.  and 
thsrafore.  follows  tha  shape  of 
the  cam  so  that  tha  cam  lavar 
turns  on  its  supporting  shaft  to 
reset  tha  plot  valve  to  neutral.  A 
deersasa  m  pressure  on  the  load¬ 
ing  diaphragm  causes  a  reversal 
of  al  tha  movamants  dasenbad 
above. 


FIGURE  7-33  HAYS-REPUBLIC  HYDRAULIC  VALVE  ACTUATOR 


7.5 


Function 

The  function  of  a  circular  or  strip  chart  recorder  is  to  keep  a 
continuous  record  of  one  or  more  boiler  operating  parameters. 


Theory  of  Operation 


A  circular  chart  recorder  consists  of  a  motor  driven  disk  on 


which  a  paper  chart  is  located,  and  one  or  more  pen  mechanisms  which 
plot  the  desired  output  on  the  chart.  The  disk  rotates  very  slowly, 
usually  once  every  twenty-four  hours.  The  individual  pen  mechanisms 
receive  continuous  input  signals  from  various  boiler  parameter 
measuring  devices,  such  as  pressure,  temperature,  and  flow 
transmitters.  The  mechanisms  cause  the  individual  marking  pens  to 
move  laterally  on  the  chart  (towards  or  away  from  the  center  of  the 
disk)  in  accordance  with  the  magnitude  of  the  control  signal. 

Circular  chart  recorders  may  be  designed  to  receive  either 
electric  or  pneumatic  control  signals. 

Strip  chart  recorders  operate  on  essentially  the  same  principle 
as  circular  chart  recorders.  The  only  difference  is  that  the  pens 
mark  on  a  rectangular  "strip"  chart  which  is  rolled  continuously  from 
one  reel  onto  another  instead  of  a  rotating  disk.  Since  the  strip 
chart  can  be  made  very  long  if  desired,  the  same  chart  paper  can  be 
used  for  several  days  or  even  weeks. 
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Hays-Republic 
model  2100 
12”  circular  chart 
recorder 


^jAcciii  III; 

Si 'l<'ct MlrT 

B  1  ’.o  4 


DESCRIPTION 

TA«  Hty«-ftapu6lie 
MOM  2100  it  a  *«n«> 
tilt  12"  circular  «nart  r*> 
cordar.  Tha  Modal  2100  Ra- 
cordar  can  bo  cuatom  built  from 
atandard  oiug>in  maaauring  al^ 
manta  to  moot  spaciile  procaaa  ra- 
cording  raquiramanta.  Tha  Modal 
2100  Racordar  ia  eapabla  of  ra- 
cording  and  indicating  from  ona  to 
four  procaaa  maaauramanta. 

A  quadrant  or  zona  arrangamant 
parmita  an  axtramaly  vrida  varlaty 
of  recording,  indicating,  and  into* 
grating  combinationa.  Tha  quad¬ 
rant  daaign  aliowa  almpia  inatali- 
alion  of  up  to  four  complataly 
unitized  plug-in  maaauring  ate- 
manta  for  procaaa  recording.  A 
maximum  of  two  flow  maaaura¬ 
manta  with  continuoua  integration 
utilizing  all  four  guadranta  ia  an 
availaolo  conatructlon. 

Tha  Modal  2100  Racordar  haa  a 
rugged  caaa  which  is  aaay  to  in¬ 
stall  and  maintain.  Tha  caaa  ia 
waathar  raaiatant  and  designed  to 
pravant  entry  of  duat.  moiatura. 
and  other  harmful  ambient  eia- 
manta. 


Tha  ink  syatam  daaign  inauraa 
each  pan  a  continuoua  ink  flow 
with  a  three  to  four  month  ink 
supply  in  saidad  cartridgaa. 

Chart  raplacamant  ia  simple  and 
may  be  accompiishad  with  one 
hand.  Instaad  of  keys.  nuts, 
chains,  or  loose  parts,  tha  Modal 
2100  Recorder  has  a  soring  latch 
that  saats  tha  chart  firmly  on  its 
drive  to  pravant  siippaga. 

Oiaangaging  tha  chart  latch 
automatically  nfta  tha  recording 
pens  from  tha  chart. 

Tha  chart  hoidar  and  automatic 
pan  lifters  are  secured  to  the  chart 
plate.  This  plate  simultaneously 
provides  a  smooth  recording  sur- 
faca  while  protecting  tha  chart 
drive  mechanism.  The  chart  bear¬ 
ing  orackat.  caaa.  and  chart  plate 
are  internally  constructed  to  in¬ 
sure  permanent  alignment. 

Optional  indicating  scales  and 
fluorescent  chart  lighting  are 
available  for  operator  convan- 
ienca. 


STANDARD 

SPECIFICATIONS 

Standard  Chan  Driva.... 

..24 hour;  IlSvolt 
W  cycle  A.C. 

Hyateraaia . 0.5%  or  leas 

Resolution . 0.2%  or  Isas 

Ambient  Temp.  Effect . 

...  0.4%  per  50*  F. 
change 

Sarometric  Preaaurs  Effect . 

..none 

Recorder  Weight 

(No  Receivers)....  Approx.  40  lbs. 

Specifications  subject  to  change 
without  notice. 


FIGURE  7-34  HAYS-REPUBLIC  CIRCULAR  CHART  RECORDER 


Hays-Repubiic 


model  2550 
strip  chart  recorder 


•  ACCURACY  OF  •  0JS%  •  SOLD  STATE.  PIUG44  COMPONB^ 
•  ONE.  TWO  OR  THRS  PB4S  •  OPTIONAL  ALARMS  • 


OfSCnWTION 

Th*  Hayt^AapuMic  Medal  2S50  Strip  Chart  Racordar 
providaa  recording  ot  up  to  thraa  variablaa  on  a  4' 
strip  chart  while  providing  a  highly  vitibla  indication  ot 
tha  vanabla.  RlbboiMypo  indicaiora  are  color  coded  to 
the  pan  color  and  previda  indicallon  at  up  to  twica  tha 
distanca  of  eonwantional  pointer  indicators. 

Tho  sarvo-oparatod.  null-dalanco  racordar  uaas  a 
fuily  tranaiatonzad  oiug>in  amplifiar.  Input  circuits  ara 
slactncally  <solatad  Irem  tha  powar  lina  and  conduit, 
and  ara  isolatad  from  aach  other  in  multipla  pan  units 
to  aliminata  mlaractton  batwaan  signals. 

Tha  Samoa  oparata  on  a  0-i  volt  OC  signal,  and  may 
ba  used  on  any  of  tha  common  inoul  rangos  by  propor 
salactien  of  tha  input  raaiator  (a.g.  l-S  mA  DC.  4-20  mA 
DC.  tO'SO  mA  OC.  ate.). 

Tha  daaign  of  tha  servo  >s  such  that  maximum  powar 
IS  availaela  to  ovareema  inharant  friction  or  other 
sources  of  inaccuracy.  A  systam  accuracy  of  =0.90%  ia 
obtainad  with  a  sensitivity  of  0.29%.  As  a  result  of  tha 
power  afforded  by  tha  servo  oparailon.  it  is  pessibla  to 
add  aeeaaaorioa  directly  to  the  servo  driva. 


ACCESSORIES 

Alarm  switehaa.  to  a  maximum  of  two  par  pan.  may 
be  added  as  an  option.  Tho  switehaa  ara  cam-oporatsd. 
SPOT^ypa  and  may  ba  adluatod  to  trip  at  any  point 
within  tha  span.  Each  switch  is  rated  2Vt  amps,  at  129 
to  290  VAC. 

A  retransmitting  slidawiro  may  ba  added  to  any  pan. 
Tho  potomiomatar  values  ara  1  to  1,000  ohms  for  gan* 
oral  purpose  applications  and  l  to  32  ohms  for  use  with 
tha  Hays-Rapubiie  Medal  2240  Integrator. 

Tha  2990  Racordar  may  also  ba  previdad  with  axtar- 
nal  ON.OFF  control  of  chart  dnva  and  sarve-metors 
which  makes  it  ideally  suited  for  use  with  process  chro* 
malograph  to  provide  trend  recording. 

ACCSSSISIUTY 

Tha  racordar  has  been  dasignod  for  ease  of  mainta- 
nanea  and  calibration.  Zero  and  span  adlustmants  ara 
aeeessibla  from  tho  front,  with  no  need  to  withdraw  tho 
chassis  Irem  tha  case.  Tha  chart  drive  mechanism  flips 
out  at  tho  touch  of  a  lover  to  allow  chart  changing  with 
no  naad  of  rameving  tha  driva  maehaniam  or  chassis 
from  the  case. 


FIGURE  7-35  HA YS-REPUBLIC  STRIP  CHART  RECORDER 


Babcock  &  Wilcox 


Product  Specification 
E12-771 


BAILEY  7000  RECORDERS 

Type  771,772  and  773 

Records  up  to  three  process  meuurefflenis  on  a  -S-inch 
tectUinsu  chart.  Color  matched  indicators  Pack  with  the 
recordinc  P*ns.  providing  accurate,  iiighly  visible  indications. 

Pen  motion  is  servo  driven  by  a  plug-in  high  gain  null 
balance  OC  ampiiner.  providing  fast,  accurate  response.  The 
recorder  chassis  mounts  in  a  standard  762  panel  or  rack 
mounted  shelf  and  connections  are  made  through  a  plug  and 
cable  assembly. 

Type  /7I.  772  and  773  Recorders  are  fully  compatible 
with  other  Bailey  7000  Instruments,  including  the  Type  770 
Point  Selector  for  trend  recording  up  to  1 2  variables,  as  well  as 
for  general  use  in  recording  DC  signals  from  many  other 
process  instruments. 

Input  Signil  Chorea 

a  I  to  5.  0  to  1 . 0  to  5.  0  to  10.  -10  to  eiOv  OC  or  4  to 
20ma  OC  powered  from  recorder  or  self-powered. 

Improead  Oparator  Comwnianca  and  Undamanding 

a  Three  chart  displays: 

Type  771  Narrow  Roll  Chart:  High  recording  density,  up 
to  3  pens  in  a  2  J  inch-wide  recorder.  Up  to  eight  hour 
insunt  review.  Two  hours  visible  on  the  face  of  recorder, 
six  more  hours  with  recorder  partially  removed  from 
enclosure. 

Type  772  Wide  Roll  Chart:  Up  to  13  hour  instant  review. 

Six  hours  visible  on  the  face  of  the  3.6  mch-wide  recorder, 
seven  more  hours  with  recorder  partially  removed  from 
enclosure. 

Type  773  Z-fold  Chart:  Up  to  three  houn  visible  on  the 
face  or  the  recorder.  The  entire  past  record  may  be  viewed 
by  opening  front  window  and  pulling  folded  chart  paper 
from  take-up  chamber.  Tins  is  also  a  5.6  inch-wide 
recorder. 

a  Chart  transport  assembly  completely  removable  tor 
hisionc  review  and  chart  change  without  operator 
inconvenience. 

*  Operator  supervision  maintained  during  chan  removal  by 
independent  bar  graph  indicators  that  commumcate 
process  measurement  to  operator. 

*  Unique  two-way  door  for  opentor  nouiion  and 
maintenance  convenience. 

a  Higldy  visible  color  coded  bar  graph  indicators  to  match 
pens. 

Minimum  Masntangnoa  with  Sirngilifiaii  Sarvictng 
a  Quick  change,  disposable  one  piece  pen  and  ink  cartridge. 
Easy  one  step  replacement.  Ink  cartridte  life,  up  to  ninety 
Jays  of  nomial  usage  -  3000  ft  id  1 4.4m  I  of  trace. 


FULL  SIZE 

FIGURE  1  ■  Type  '7|  Narrow  Roll  Strip-Cliart  Recorder 


FIGURE  7-36  BAILEY  STRIP  CHART  RECORDER 


APPENDIX  A 


SIGNAL  PROCESSING  FUNCTIONS 
Function  &  ......  .. 


Symbol  * 


Math  Equation 


SUMMIH8 

2 


■  ..  +  K 


Graphic 

Reprosantation 


■^1/ 


Definition 


The  output  equals  the  algebraic  sum  of 
the  inputs. 


The  output  equals  the  algebraic  sum  of 
the  inputs  divided  by  the  number  of 
inputs. 


The  output  equals  the  algebraic  differ* 
ence  between  the  two  inputs. 


The  output  is  directly  proportional  to 
the  input. 


The  output  varies  in  accordance  tvith 
both  magnitude  and  duration  of  the  in* 
put.  The  output  is  proportional  to  the 
time  integral  of  the  input. 


The  output  is  proportional  to  the  rate 
of  change  (derivative)  of  the  input. 


The  output  equals  the  product  of  the 
two  inputs. 


The  output  equals  the  quotient  of  the 
two  inputs. 


The  output  equals  the  root  (i.c.,  square 
root,  fourth  root.  3/2  root,  etc.)  of  the 
input. 


The  output  equals  the  input  raised  to 
a  power  (i.e..  second,  third,  fourth,  etc.) 


*IN  ACCORDANCE  WITH  THE  SCIENTIFIC  APPARATUS  MAKERS  ASSOCIATION  (SAMA) 


SIGNAL  PROCESSING  FUNCTIONS  (CONT.) 


Function  & 
Symbol 

NONLINEAR  OR 
UNSPECIFIED 
FUNCTION 

f(x) 


TIMEFUNCnON 


HlfiHSELECTINI 

> 


LOW  SELECTINS 
< 


HI6N  UMTim 
> 


LOW  UMITINO 
< 


REVERSE 

PROPORTIONAL 


vaociTv 

LIMITING 


Math  Equation 


m  a  I  111 


maxKt) 

ffl  m  no 


Graphic 

Represantation 


,  or± 


Definition 


The  output  equals  some  nonlinear  func> 
tion  of  the  input. 


The  output  equals  the  input  times  some 
function  of  time  or  equals  some  func¬ 
tion  of  time  alone. 


The  output  is  equal  to  that  input  which 
is  the  greatest  of  the  inputs. 


The  output  is  equal  to  that  input  which 
is  the  least  of  the  inputs. 


The  output  equals  the  input  or  the  high 
limit  value  whichever  is  lower. 


The  output  equals  the  input  or  the  low 
limit  value  whichever  is  higher. 


The  output  is  reversely  proportional  to 
the  input. 


The  output  equals  the  input  as  long  as 
'  the  rate  of  change  of  the  input  does'not 

exceed  a  limit  value.  The  output  will 
3t  change  at  the  rate  established  by  this 

- -  limit  until  the  output  again  equals  the 

'  input. 


iThe  output  equals  the  input  plus  (or 
minus)  some  arbitrary  value  (bias). 
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SIGNAL  PROCESSING  FUNCTIONS  (CONT.) 


Function  & 
Symbol 


Moth  Equation 


Graphic 

Reprasontation 


Definition 


ANALOG  SIGNAL 
GENERATOR 


DOES  NOT  AW.Y  * 


The  output  is  an  analog  signal  devel¬ 
oped  within  the  generator. 


TRANSFER 

T 


(I,  FOR  STATE  1 
I  x,  FOR  STATE  2 


The  output  equals  the  input  which  has 
been  selected  by  transfer.  The  state  of 
the  transfer  is  tttablished  by  external 
means. 


SIGNAL 

MONITOR 


STATE  1  *  <  H 

STATE  2 

(CNCRGinO  OK  I  H 
AURM  STATE  *  ^  " 


STATE  bSTATt 


STATE  1 

(ENaeiao  or  ,  ^  \ 

ALARM  STAU)  *  ^ 


[STATE  1  STATE 

V.vA  2 


STATE  I 

ifIRST  OUTPUT  m. 

ENERGIZEO  OR  X  <  H.  I 
ALARM  STATE; 

STATE  2 

(SECONO  OUTRUT  "h  ,  ^  u  , 
ENEROUEO  OR  »  >  "•  L 
ALARM  STATE. 


ti|  m,  m.  The  output  has  discrete  states  which  are 
dependent  on  the  value  of  the  input. 
isTA^STAT^  When  the  input  exceeds  (or  becomes 
/  less  than)  an  arbitrary  limit  value  the 
output  changes  state. 


STATE  I 

(fIRST  OUTPUT  -  I 
ENERSiaO  OR  *  <  ‘■ 
ALARM  STATE) 


STATE  2 

(lOTN  OUTPUTS 

inactive  or 

DE-ENERGiaO! 


STATE  3 


L  <  »  <  «  C, 


nttCONO  OUTPUT  mt 

CNERGinO  OR  X  >  H 
ALARM  STATE) 


rSTATEJ  state  STATE 

m  '  w/ 


The  vuriubics  used  in  the  table  arc: 

A  —  An  arbitraiy  analog  signal 
b  —  Analog  bias  value 

- Derivative  with  respect  to  time 

dt 

H  —  An  .irbitrarv  unulou  hieh  limit  value 


•=■  — Integrating  rate 

•  I 


L  —  An  arbitraiy  analog  low  limit  value 

m  — Analog  output  variable 

n  —  Number  of  analog  inputs  or  value  of  exponent 

t  —  Time 

Tn  —  Derivative  time 

X  — Analog  input  variable 

Xi.  X ..  xj . X,  —  Analog  input  variable  ( I  to  n  in  number) 


FIGURE  7-30  BAILEY  PNEUMATIC  VALVE  POSITIONER 
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